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NOTICE

This report was prepared as an account of Government-
sponsored work. Neither the United States, nor the
National Aeronautics and Space Administration (NASA),
nor any person acting on behalf of NASA:

A.)

B.)

Makes any warranty or representation, expressed
or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information
contained in this report, or that the use of
any information, apparatus, method, or process
disclosed in this report may not infringe
privately-owned rights; or

Assumes any liabilities with respect to the
use of, or for damages resulting from the use
of, any information, apparatus, method or
process disclosed in this report.

As used above, ''person acting on behalf of NASA" includes
any employee or contractor of NASA, or employee of such
contractor, to the extent that such employee or contractor
of NASA or employee of such contractor prepares, dissemi-
nates, or provides access to any information pursuant to
his employment or contract with NASA, or his employment
with such contractor.
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FOREWORD

The insulation development work described herein, which was conducted
by the Solid Rocket Division of Aerojet-General Corporation, was performed
under NASA Contract NAS3-11224. The work was accomplished under the manage-
ment of the NASA Project Manager, Mr., J. J. Pelouch, Jr., Chemical Propulsion
Division, NASA-Lewis Research Center.

Special acknowledgements for work accomplished in Task T are accorded
to Messrs. A. A. Stenerson and W. Bradley, Material Technology Department, for
material property analyses, and to Messrs. C. J. Rogers, P. L. Smith, and
R. F. Russ, Propellant Development Department, for material processing
analyses.
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ABSTRACT

A program to develop a cost-optimized insulation system for large solid
rocket motors was conducted by Aerojet~General Corporation under Contract
NAS3~11224. Four tasks were derived to accomplish the program objective:

Task I, Survey and Screening; Task II, Process Demonstration; Task III, Material
Performance Determination; and Task IV, Preparation of 260-in.~dia full-length
motor insulation system Design and Process Plan. Task I, which has been com-
pleted and is the subject of this report, was accomplished in three phases,
Initially, a literature survey revealed thirty firms or facilities engaged in
research, development, and production of insulation materials which were appli-
cable to large rocket motors. Of the forty-six materials recommended by
potential suppliers, twenty materials, including four pressure-cured, six
trowelable, five castable, and five sprayable, were selected for evaluation

in Task I. 1In Phase I of Task I, the selected twenty materials were subjected
to a series of property measurements; these measurements included composite
tensile strength/modulus, density, ambient pot life, viscosity build-up, bond
line tensile/shear, water absorption, thermal diffusivity, thermal conductivity,
heat capacity, heat of combustion, and thermogravimetric analysis, The objec~
tive of this Task I phase was to establish which of the candidate materials
exhibit properties most applicable to large solid-rocket motors, Three 20~in.-
dia heavyweight motor tests were conducted in Phase II to determine the relative
erosion resistance of the candidate materials. The motors operated at 640 psia
over a web burning duration of 17.6 sec. A malfunction, caused by improper
propellant cartridge installation, occurred in the third motor and necessitated
a fourth motor test. Six candidate material specimens, plus V-44 and V-61
control specimens, were evaluated in each motor. 1Initial Mach numbers and
material thickness losses were obtained from pre~ and posttest profile measure-
ments. Plots of material thickness loss rates as a function of Mach numbers
provided a comparison of the erosion resistance of each material relative to

the erosion performance of the V-44 control. A tradeoff rating using data

from Phases I and II yielded a recommendation of ten materials, plus the
specified V-44 control, for further evaluation in Tasks II and III of the
program., Approval of the material recommendations by the NASA-LeRC Project
Manager concluded the Task I effort.

NASA report numbers and corresponding volume numbers are as follows:

CR~-72581 Volume I

CR-72582 Volume II
CR-72583 Volume III
CR-72584 Volume IV

vi
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I. SUMMARY

The objective of the Large Motor Insulation System Development (ILMISD)
Program is to evaluate low-cost insulation materials which are applicable to
large solid-propellant rocket motors. Four tasks were derived to accomplish
the planned objective. Task I, which is completed and the subject of this
report, involved a survey of available materials applicable to large motors;
selection of twenty candidate materials, including Gen-Gard V-44 and V-61 as
controls; measurement of candidate material physical, chemical, mechanical,
thermal, and adhesive properties; evaluation of material erosion resistance in”
three solid-propellant motor tests; evaluation of property measurement and
motor test data; and selection of twelve materials, including V-44 and V-61
controls, for further evaluation in Tasks II and TII. Task II will be a
process demonstration, in which candidate materials selected in Task I are
installed into a 54-in.-dia motor chamber., Task IIT will include material
performance determinations in five solid-propellant motor tests. Task IV will
be the preparation of a 260-in.-dia full length motor cost-optimized insulation
system design and process plan, using materials selected on the basis of data
obtained from Tasks II and III. This report summarizes in detail the Task I
effort.

The Task I materials survey consisted of two parts: a literature
survey and supplier consultations. The literature survey concentrated on
insulation materials and processes developed and evaluated in 100~, 120-,
156-, and 260-in.-dia motors. From this survey, a list of thirty firms or
facilities engaged in research, development, and production of insulation
materials was prepared. Letters requesting material recommendations and
current data on pressure-cured, trowelable, castable, and sprayable insulators
were sent to thirty suppliers. Forty materials were recommended by eighteen
of the thirty suppliers contacted; of these forty materials, twenty-two were
of the pressure-cured group, nine were trowelable, nine were castable, and
six were sprayable. Only one phenolic/crepe-paper material was not applicable
to specified material categories. Material data received from the various
suppliers were collated and evaluated. Following intensive review, the
following twenty materials were recommended for Task I evaluation:

Pressure-Cured

Gen-Gard V-44 (Control) General Tire & Rubber Co.
Orco 9250 Ohio Rubber Co.
USR 3800 Uniroyal, Inc.
USR 3804 Uniroyal, Inc.
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I. Summary (cont)

Trowelable
Gen—-Gard V-61 (Control) General Tire & Rubber Co.
IBT-100 Aerojet—-General Corp.
IBT-106 Aerojet—-General Corp.
LPL-44 Lockheed Propulsion
TI-H704B Thiokol Chemical Corp.
Gen-Gard V-4011 General Tire & Rubber Co.

Castable
IBC-101 Aerojet—-General Corp.
40SD~80 American Poly-Term Co.
Castable Carbon Atlantic Research Corp.
RTIV-511 ‘ General Electric Corp.
Avcoat 8021 AVCO Corp.

Sprayable
IBS-107 Aerojet—~General Corp.
IBS-108 Aerojet—-General Corp.
IBS-109 Aerojet—General Corp.
Avcoat II AVCO Corp.
PR~1933 Products Research & Chem. Corp.

The foregoing material recommendations were approved by the NASA-LeRC Project
Manager. This concluded the materials survey portion of Task I.

Material procurement was initiated for Phase I property measurements
and Phase IT solid-propellant motor tests; Phase I and Phase II of Task I
were accomplished concurrently. Lockheed Propulsion Company's LPL-44 trowelable,
PBAA insulation could not be procured within the allotted expenditure. As a
result, 93-104 castable silicone rubber, manufactured by Dow Corning, was sub-
stituted for LPL-44; the NASA-LeRC Project Manager concurred with this substi-
tution. One other material change was made later in the Task I effort, During
processing of candidate materials into the test motors, an acceptable specimen
of castable carbon could not be obtained because of its viscosity and cure
characteristics. As a result, a specimen of IBC-111 was used instead. 1IBC~111,
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I. Summary (cont)

manufactured by Aerojet-General Corporation, was a castable version of trowel-
able, PBAN-epoxy IBT-100, and was developed originally as an exit cone liner
for the M-1 liquid engine program. IBC-111 contains Refrasil (high purity
silica) in place of carbon black and asbestos.

In the Phase I effort, the twenty candidate materials selected from the
survey were subjected to the following physical, chemical, mechanical, thermal,
and adhesive property measurements:

Composite Tensile Strength Modulus Thermal Diffusivity

Density Thermal Conductivity -

Pot Life/Viscosity Build-Up Thermogravimetric Analysis
Bondline Tensile/Shear Strength Heat Capacity

Water Absorption Heat of Combustion

The objective was to establish which of the candidate materials possess
properties most applicable to 260-in.-dia motor operating requirements. The
data from the property measurement are summarized in this report.

Phase II included the design and manufacture of a 20-in.~-dia solid-
propellant insulation test motor; requirements for the test motor were as
follows:

Throat Diameter, in. 1.8

Operating Pressure, psia 600 + 25

Burning Duration, sec 19

Specimen Exposure Environment Mach zero to 0.3
Propellant ANB-3254

The aft closure/nozzle configuration included a dual entrance section. A
45-degree approach was used from the attachment flange to an area ratio of
approximately 4:1. From this area ratio to the throat a 10-degree nozzle
approach was used to expand the desired zero to 0.3 Mach region.

Government~furnished propellant cartridges were used. The 20-in.-dia
by 20-in.-long pressure-vessel was fabricated from an ASTM A235 steel forging.
The aft closure was ASTM A36 steel. Six candidate material specimens, plus
V-44 and V-61 control specimens, were installed into the aft closure. Pre-
and posttest insulation specimen profiles were measured and recorded using a
Portage Layout Machine; profile measurements were used to determine initial Mach
numbers at the specimen surfaces and the material thickness loss.
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I. Summary (cont)

Three Task I insulation test motors, identified as S§/N's I-1, I-2, and
I-3, were test fired on 18 October, 31 October, and 22 November 1968, respec-
tively. The attempt to test fire motor S/N I-3 resulted in a 1.9 sec hangfire,
after which time the motor chamber pressure increased abruptly to over 1000 psia,
causing failure of the aft flange joint bolts and ejection of the closure,
Neither the motor pressure~vessel nor the aft closure were damaged significantly.
This malfunction was attributed to improper installation of the propellant cart-
ridge. The S/N I-3 components were repaired, rehabilitated, and reassembled;
the motor, reidentified as S/N I-3A, was test fired successfully on 20 December
1968.

The following is a summary of the insulation material specimens tested
in each motor:

Motor S/N I-1 Motor S/N I-2 Motor S/N I-3A
V-44 V~44 V=44

v-61 v-61 187-100 ¢
IBT-100 40 SD-80 Orco 9250
IBT-106 RTV-511 USR 3800
TBC-101 18c-111V USR 3804
IBS-107 Avcoat II TI-H704B/V-61
IBS~108 PR 1933 4011 |
IBS-109 TBS—758(2) Avcoat 8021

Notes: (1) Replacement material for castable carbon.
(2) Used in place of 93-104,
(3) Used in place of 93-104 specimen.

The following is a summary of motor performance:

S/N1-1 S/NI-2 S/NI-3 S/N I-3A

Web Average Pressure, psia 640 641 1.9 sec 634

Maximum Pressure, psia 680 668 Hangfire 662

Web Duration, sec 17.6 17.7 Closure 17.6
Ejected
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I. Summary (cont)

Following each test, the motor was visually inspected, the char layer was
removed, and posttest profiles were obtained. Using pre- and posttest profiles,
each material thickness loss was measured at specified locations normal to the
specimen surfaces; gas flow Mach numbers at the specimen surfaces were calcu-
lated. Thickness loss rates were calculated, and a visual comparison of each
candidate material performance relative to V-44 was obtained by plotting the .
thickness loss rate as a function of Mach number, then drawing the most repre~:
sentative line through the data points for each material., Material performance
relative to V-44 are summarized as follows:

1. USR~-3800 8. V-44 (control) 15. IBS~108

2. Orco 9250 9. IBS~109 16. Avcoat II

3. V-61 10. V-4011 17. RTV-511

4., IBT-100 11. USR-3804 18. PR-1933

5. IBS-107 12. 40SD-80 19. TBS~758

6 IBC-111 13. IBC-101 Avcoat 8021 - No meaningful
7. IBT-106 14. TI-H704B data - 93-104 and Castable

Carbon not tested.

The objective of Phase TII preliminary evaluation was to review the data
obtained from Phases I and 1I, and, on the basis of this data, select eleven
materials, including V-44 control for further evaluation in Tasks II and III.
Independent trade-off evaluations were made based on the following character—
istics: performance; cost; compatibility with propellant/liner/steel; thermal,
physical, chemical, mechanical, and adhesive properties; and ease of repair/
removal. A significance factor was applied to each characteristic, with major
significance placed on performance and cost. The silicone rubber materials,
93-104, RTV-511, and PR~1933, were eliminated from further consideration
because of their poor erosion resistance and bonding characteristics with
SD 850-~2 liner. An unacceptable, short pot life was the reason for eliminating
V-61 and V-4011; V-401l1 also experienced poor bonding to SD-850-2 liner. The
following materials were recommended for Task II and III evaluation:

Pressure~Cured Task II Task IIT
Gen-Gard V-44 No demonstration Control specimen
USR-3800 No demonstration 1 motor test

Trowelable
IBT-100 Demonstrate as head 1 motor test

insulator
"IBT-106 Demonstrate as head/ 1 motor test

sidewall insulation

TI-H704B Demonstrate as head 1 motor test
sidewall insulation
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I. Summary (cont)

Task II Task III
Castable
IBC-101 No demonstration 1 motor test
IBRC-111 Demonstrate as head 1 motor test
insulator
408D~80 Demonstrate as head 1 motor test
insulator
Sprayable
IBS-107 Demonstrate as sidewall 1 motor test
insulator/propellant
boot
IBS-109 Demonstrate as sidewall 1 motor test
insulator/propellant
boot
Avcoat I1 Demonstrate as sidewall 1 motor test
insulator

The approval of the foregoing material recommendations by the NASA-LeRC
Project Manager concluded the Task I effort of the LMISD Program.

II. INTRODUCTION

A. PURPOSE OF REPORT

This document is the first volume in a series of final reports
dealing with the major tasks of the Large Motor Insulation System Development
(LMISD) Program, Contract NAS3-11224, This series of reports constitutes the
LMISD Program final report. This report summarizes in detail the Task I effort
for the LMISD Program.

B. PROGRAM BACKGROUND

In the design of the insulation system for Motors 260-SL~1, S1-2,
and SL-3, which were test fired successfully at the Aerojet-Dade Division,
Florida, the main emphasis was placed on reliability, so that the insulation
system essentially was Zzero-risk to the program. For this reason, Gen~Gard
V-44 rubber was selected as the insulating material because of its demon-
strated reliability and predictable performance in numerous prior rocket motor
programs. V-44 rubber insulation components were vulcanized on mandrels to
the required configuration at high temperature and pressure. These cured
components were transported to the motor processing facility and secondarily
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IT. B. Program Background (cont)

bonded into the motor chamber interior. This technique, although highly reli-
able, involved the use of substantial tooling and labor, both at the rubber
component manufacturing facility and at the motor processing facility.

As the 260-in.~dia motor demonstration program had been completed
successfully, it was now possible to consider cost optimization of the large
motor insulation system using Gen-Gard V-44 material properties, processing
techniques, and performance as comparative baselines. Several materials showed
potential for large solid motor applications at a cost savings through reduc-
tion in raw materials, processing, tooling, and labor. Previous work accomplished
under Contract AF 04(611)-11609, Investigation of Insulation Materials for
Multiple Restart Applications, and Contract NAS3-12083, Preparation of Insulation
Material Monograph, identified low cost material previously thought to be un-
suitable for large motor applicatiomns.

Analytical and experimental investigation of candidate materials
followed by selective screening and design definition, using common ground
rules, was the necessary first step toward the qualification of a cost-optimized
insulation system for 260-in.-dia motors. The development program described
herein was derived to accomplish this first step.

c. PROGRAM OBJECTIVES

The objectives of the LMISD Program are to evaluate insulation
materials applicable to large solid-propellant motors, select the best materials
based on cost, processing capability, and performance, and relate the selected
materials to an insulation system design for a 260-in.-dia full-length motor,
Four tasks were derived to accomplish the program objectives. Task I, which is
the subject of this report, involved a survey of available materials, selection
of twenty candidate materials, evaluation of candidate material properties and
thermal performance, and selection of twelve materials for further evaluation
in Tasks II and ITI. Task II was the process demonstration, in which the cand-
idate materials selected in Task I were installed into a 54-in.-dia motor
chamber. Task III included candidate material performance determinations in
five solid~propellant motor test firings. Task IV was the preparation of a
design and process plan for a 260-in,-dia full-length motor cost-optimized
insulation system using materials and processes selected from Tasks IT and III.

D. SCOPE OF EFFORT

This report volume summarizes in detail the Task I effort for the
LMISD Program. The following work was accomplished: '

1. A survey of insulation materials applicable to large solid
rocket motors.
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II.D. Scope of Effort (cont)
2, Consultation with insulation material suppliers regarding
availability of candidate materials.

3. Selection of twenty materials for evaluation in Task I.

4, Determination of physical, chemical, thermal, mechanical,
and adhesive properties of twenty candidate materials.

5. Design, manufacture, and test of three solid-propellant
motors to evaluate thermal performance of twenty candidate insulation materials.

6. Evaluation of the properties and thermal performance of candi-
date materials.

7. - Selection of twelve materials for further evaluation in
Tasks II and III for the LMISD Program.

E. PROGRAM SCHEDULE
A program schedule is shown in Figure 1.

III. MATERIAL SURVEY

The materials survey consisted of two parts: a literature survey and
supplier consultations., Materials applicable to the following categories
were investigated:

Chemical Groups

synthetic rubber and synthetic rubber/filler combinations

phenolic filler, phenolic/natural rubber/filler, and
phenolic/synthetic rubber/filler combinations

Physical Groups

pressure cured components secondarily bonded into place

ambient cured or vacuum cast components secondarily bonded
into place

room or elevated temperature cured materials troweled or
cast into place

room or elevated temperature cured materials sprayed into
place

Page 8
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III. Material Survey (cont)

Primary emphasis was placed on the investigation of trowelable, castable, and
sprayable materials, preferably those capable of being processed at the motor
manufacturing facility. Only those materials meeting the following require-
ments were considered:

the material must have no previous unreliable usage history
in solid-propellant motors

suppliers of any given material must be able to manufacture
the material in quantities necessary for large motor appli-
cations without extensive facility modifications; assumed
motor production rate was 4 units per year

supplier's quality control capability must be adequate for
the intended material use,

A literature survey on insulation materials and processes developed and
evaluated in large motor programs, 100-, 120-, 156-, and 260-in.-dia motors,
was conducted. A list of the reports reviewed in the literature survey are
shown in Figure 2. Based on this survey, a list of principal suppliers and
firms or facilities engaged in research, development, and production of all
types of insulation materials was prepared, Letters requesting current data
on pressure-cured, trowelable, castable, and sprayable insulation materials
which met the foregoing requirements, were sent to the following suppliers;

General Tire & Rubber Co. U. S. Naval Ordnance Laboratory

Lockheed Propulsion Co. Hercules, Inc., Allegany Ballistics Lab.

Thiokol Chemical Corp.
United Technology Center
'American Poly-Therm Co.
Kirkhill Rubber Co.

Ohio Rubber Co.

Atlantic Research Corp.
Uniroyal, Inc.

West American Rubber Co.
U. S. Polymeric, Inc.
AVCO Corp.

Ferro Corp.

Raybesfos Manhattan

Fiberite West Coast Corp.

Dow Corning Corp.

General Electric Co.

Union Carbide Corp.
Insulation Technology, Inc.
H. I. Thompson Fiberglass Co.
B. F. Goodrich Co.

Goodyear Tire & Rubber Co.
Arrowhead Products

Narmco Materials Division
Garlock, Inc.

Product Research Co.

Minnesota Mining & Manufacturing Co.

Aerojet-General Corporation
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III. Material Survey (cont)

A sample of the letter which was sent to each supplier is shown in Figure 3.
The data requested included available quantities; delivery time; raw material
cost for various quantities; processing characteristics; adhesive bonding data;
use history; and mechanical, physical, chemical, and adhesive properties.
Personal contacts were made with responding suppliers whose material or process
was directly applicable to large motor insulation systems,

Forty-six materials were recommended by eighteen of thirty suppliers
contacted. Of the forty-six materials recommended, twenty-two were of the
pressure-cured group, nine were trowelable, nine were castable, and six were
sprayable. Figure 4 is a summary of insulation materials recommended by
responding suppliers. Only FM-5272, a phenolic/crepe-paper material recommended
by U. S. Polymeric, was not applicable to the specified material categories.
Material data received from suppliers are summarized in Figures 5 and 6.

The forty-six recommended insulation materials were reduced to the
thirty materials shown in Figure 7. 1In general, one material was selected
from each of the pressure-cured group classes shown in Figure 4, plus the
Gen—-Gard V-44 control. Only one material from the butyl, SBR-phenolic, and
isoprene classes were recommended and available for selection. The lower cost
material was selected from each of the NBR, NBR-phenolic, and phenolic~
carborazole classes. The two supplier recommended materials from the newly
developed ethylene-propylene class were selected. Also, since six silicone
rubber materials were recommended by suppliers, two materials from this class
were included with the thirty materials. All nine of the supplier recommended
trowelable materials were included in Figure 7. Of the nine castable materials
recommended, five were selected. Two of the polyurethane materials recommended
by American Poly-Therm, 40SA-2 and 40SA-40, were eliminated becuase of their
high cost. Also, one of the silicone rubber materials recomended by Dow
Corning, 93-073, was excluded because of its similarity to 93-104. Five of
the six recommended sprayable materials were selected. IBS-105 was eliminated
because of its chemical and physical property similarity to IBS~109.

The reduction of thirty materials down to twenty materials recommended
for evaluation in the Task I property measurements and thermal tests was
accomplished strictly on a cost basis. Since the LMISD program was directed
toward trowelable, castable, and sprayable groups, the recommended twenty
materials included a minimum of five materials from these material groups.
The list of the twenty materials selected for Task I evaluation is shown in
Figure 8.

Only three materials other than V~44 control were selected from the
selected from the pressure-cured group. Orco 9250 (NBR class), USR 3804
(EPR class), and USR 3800 (NBR-phenolic class) were the lowest cost materials.,
Six trowelable materials were recommended for further evaluation. The cost
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TII. Material Survey (cont)

differential between the silicone class and the other classes made the selection
clear. Gen-Gard 4011 is a relatively new trowelable material being developed by
GT&R for low temperature applications. Although there currently is no low tem~
perature application involved in large motor insulation systems, 401l potentially
offered processing and ablative potential and was worth evaluation in this
program. The higher cost DC 93-104 was eliminated from the castable group.

Only five sprayable materials were available from the thirty materials; thus,
those five materials were recommended for further evaluation.

The recommendation of the twenty materials shown in Figure 8 was approved
by the NASA-LeRC Project Manager, thus completing the material survey portion
of the Task I effort.

IV. "PHASE I - MATERIAL PROPERTY MEASUREMENTS

In this phase of the Task I effort, the twenty materials selected from
the materials survey (Figure 8) were subject to the following physical, chemical,
mechanical, thermal, and adhesive property measurements:

Composite tensile strength and modulus
Density
Pot life and wviscosity
Bond line tensile and shear strength
Water absorption
Thermal diffusivity
Thermal conductivity
Thermogravimetric analysis
Heat capacity
Heat of combustion
The objective of this task was to establish which of the candidate materials

possess properties most applicable to 260-in.~dia motors. Property measure-
ment test procedures are described in Appendix 1.

Insulation material procurement for the Phase I property measurements
and Phase II thermal test were initiated concurrently. Suppliers of the
twenty materials shown in Figure 8 were contacted and arrangements were made
to procure approximately 25 1b of each material for all of the Task I tegts.
A material procurement summary is shown in Figure 9. Five materials were
received as free samples. V-44 and V-61 materials were available as residual
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IV. Phase I - Material Property Measurements (cont)

from the 260-SL-3 motor program. Raw materials for the IBT, IBC, and IBS
formulations were available from Aerojet's overhead stock at the cost shown
in Figure 5. Only 6 1b of TI-H704B material was received, necessitating the
use of a small specimen in the test motor. A problem was encountered con-
cerning procurement of Lockheed Propulsion Company's LPL-44 trowelable, PBAA
insulation; a firm quotation of $6200 was received for 25 1lb of this material,
which amounted to $248/1b. Since the cost was beyond their advertised price
and beyond the allotted expenditures for material procurement, a request was
made to substitute Dow Corning 93-104 castable silicone rubber material for
the LPL-44. The NASA-LeRC Project Manager concurred with this substitution
and DC~93-104 material was procured.

Results of the property measurements are summarized im Figure 10. The
following paragraphs summarize the pertinent results of each test.

A, MECHANTCAL PROPERTIES

Tensile strength, elongation, modulus, and Shore A hardness values
for 19 insulation materials are shown in Figure 10. Typical stress~strain
curves are shown in Figure 1l1. Tensile strength values ranged from a high of
3332 psi for Avcoat 802, to a low of 82 psi for RTIV-511, The basic require~-
ment for insulation material is that its tensile strength must be equal to or
greater than the propellant tensile strength., Measured tensile strength values
of 260-SL motor propellants, ANB-3105 and ANB-3254 were as follows:

Average Tensile

Propellant Strength, psi Motor
ANB~3105 118/101 260-S1L~1/S1~2
ANB-3254 90 260-SL-3

RTV-511 silicone rubber was the only material that exhibited a tensile strength
less than the maximum propellant strength of 118 psi, all other material tensile
strengths were equal to or greater than 118 psi,

Modulus and Shore A hardness values ranged from a high of 35,958 psi
and 90 for Avcoat 8021 to a low of 132 psi and 21 for PR 1933.

B. DENSITY

Measured density values at 100, 200, and 300°F are included in
Figure 10; these data are presented graphically in Figure 12. There is no
specific requirement regarding material density for large motor applications.
However, density is a factor in the insulation design thickness versus total
motor weight tradeoff.
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IV. Phase I - Material Property Measurements (cont)

C. HEAT CAPACITY, HEAT OF COMBUSTION, THERMAL
CONDUCTIVITY, AND THERMAL DIFFUSIVITY

Measured values for these four material properties are included in
Figure 10; thermal diffusivity, thermal conductivity and heat capacity values
are plotted versus temperature in Figures 13, 14, and 15, respectively. These
properties are a measure of the capability of the material to resist thermal
degradation. Previous insulation development work, Reference 21 in Figure 2,
found that material thermal properties were related to ablation resistance.

D. BOND LINE TENSILE AND SHEAR STRENGTH

Bond line tensile and shear strength specimen test results are
included in Figure 10. Because these were composite specimens (steel, primer,
adhesive, insulation, liner, and propellant), the values shown reflect, for
the most part, the propellant tensile and shear strengths. Previous values
obtained in similar 260-SL-3 motor program tests were 150 psi tensile and
104 psi shear. Poor bonding between insulation and liner were experienced
with the silicone rubber materials, RTV-511, 93-104 and PR1933, and with 4011
and Avcoat II. Bonding problems with the silicone rubber materials also were
experienced during processing of insulation specimens into the test motor aft
closure, Some reduction in strength values were recorded for the IBS-108 and
-109 specimens; for these materials, failure occurred in the insulation-to-
propellant interface.

E. POT LIFE

Material pot life and working consistency data, included in
Figure 10, were recorded during processing of the test motor aft closure
specimens.

F. VISCOSITY

Viscosity build-up curves for candidate trowelable, castable, and
sprayable materials are shown in Figures 16, 17, and 18, respectively. The
pot life of 4011 and V-61 were so short (<30 minutes) that meaningful viscosity
data could not be obtained. As previously reported, only 6 1b of TI-H704B
material were received; for this reason, there was insufficient material
available for the extrusion tube rheometer viscosity measurement.
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IV. Phase I - Material Property Measurements (cont)

G, THERMOGRAVIMETRIC ANALYSIS

Curves showing the thermogravimetric analysis conducted at a heat-
ing rate of 20°C/min are shown in Figure 19. These TGA curves showed that the
castable carbon and the DC-93-104 materials were far superior to the other
materials in thermal stability. Avcoat 8021 and 40SD-80 material decomposed
rapidly in a temperature range from 300 to 400°C.

The TGA data were used in conjunction with a computer program to
determine chemical kinetic rate constants required for the preparation of the
Insulation Thermal Behavior Model in Task ITI, The kinetic rate constants
required included the order of reaction, the frequency factor, and the acti-
vation energy.

H. WATER ABSORPTION

Results of the water absorption test series are included in
Figure 10.  Materials that previously exhibited unsatisfactory bondline tensile
and shear strengths, 93-104, RTV-511, PR 1933, and 4011, were not subjected to
the moisture absorption tests. 1In general, there appeared to be no significant
degradation in the bond strengths after exposure to 50 and 90% RH, except for
the IBS, IBC, and IBT materials. During the tensile/shear bond line strength
tests conducted as part of the water absorption evaluation, the IBT, IBC, and
IBS materials experienced propellant-to-insulator breaks after both 180°F
drying and extended exposure to 50 and 907 RH. 1IBS~108 and IBS-109 experienced
propellant-to-liner breaks also on the "as-received" specimens. The reasons
for these propellant-to-liner breaks were due either to oxidation or post cure
of the insulation surface during 180°F drying or to poor adhesive qualities in
the propellant used for this test series. Bond line tensile/shear values are
repeated in the following table for clarity of discussion.

Tensile Shear, psi

After 180°F After 507 RH After 90% RH

"As-Processed" Drying Exposure Exposure

IBS-107 93/107 a 73/77 b 85/88 ¢ 77/62 4
IBS-~108 127%/71% a 63%/38% b 61%/42% c 56%/31% d
IBS-109 125%/82% a 86*/59* b 46%/32% ¢ 74%/40% d
IBT-100 167/105 a 59*%/53% b 32%/35% ¢ 40*%/69% d
IBT-106 161/108 a 104%/66% b " 84%/92 ¢ 59%/80 d
IBC-101 131/105 a 64%/63% b 61%/74% ¢ 83%/69* d
IBC~111 96/189 b 103*%/109% d 75/89 e 84/103 e

*Break at propellant-to-liner bond.
a, b, ¢, d, e, ~ Sequence of propellant batches used in this test series.
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IV.H. Water Absorption (cont)

At first, the propellant used in specimen preparation was suspected of having
potentially poor adhesive properties. This propellant was obtained from batches
processed for the Propellant Improvement Program being conducted under NASA-LeRC
Contract NAS3-12002. Relating tensile/shear values to the various propellant
batches in the foregoing table showed no correlation between a specific pro-
pellant batch and propellant-to-liner breaks. Batches a, ¢, and d gave consis~
tently high tensile/shear values (~170/130 psi), whereas batches b and e pro-
duced lower values (~100/150 psi). From this data, it was concluded that the
propellant-to-liner breaks in the IBX materials were caused by surface oxidation
or post—-cure during the 180°F drying cycle. Apparently serious consideration
must be given to using the SD 850-2 liner system with the IBX materials, par-
ticularly if the "as installed" insulation experiences long term storage or
temperatures in excess of +135°F, However, the necessity for drying temperatures
above 135°F appears remote, since the weight gain for the IBX PBAN-epoxy and
CTIPB materials was only 0.30 to 0.42% after prolonged exposure to a 507 RH
environment. During Task IIT processing operations, additional double~-plate
specimens will be prepared to investigate the effect of an SD 850-2 liner

system on the bond line tensile/shear strength values of IBX materials. One
preliminary test was made during the moisture absorption evaluation series.
Fresh SD 850-2 liner was applied to one of the IBC-11ll specimens following 90%
RH exposure. The measured tensile strength value was 108 psi; this value was
significantly higher than the 84 psi value obtained for IBC-111l specimens with-
out liner (see Note 10, Figure 10, Sheet 4).

Measured moisture weight gain values were as expected. Percent
weight gain for the PBAN-epoxy, CTPB, and PBAA materials ranged from 0,30 to
0.42% after prolonged exposure to a 50% RH environment. USR 3804 ethylene-
propylene material exhibited the lowest weight gain (0.36%) of the pressure-
cured materials. USR 3800 and V-61 materials, which contain significant
quantities of boric acid, experience higher weight gains of 1.51 and 1.65%,
respectively. There was no apparent bond strength degradation for pressure-
cured, 40-SD80, V-61, and TI-H704B materials after 180°F drying and prolonged
exposure to 50 and 907 RH environments.

V. PHASE TI - MATERIAL THERMAL TESTS

A. INSULATION TEST MOTOR DESIGN
Relative performance of the twenty insulation materials selected

from the survey was measured in subscale solid-propellant motor tests. Require-
ments for the insulation test motor were as follows:
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V.A. Phase II - Material Thermal Tests (cont)

Throat Diameter, in. 1.8 minimum
Operating Pressure, psia 600 + 25
Burning Duration, sec 19 minimum
Specimen Exposure Environment Mach 0 to 0.3
Propellant ANB-3254

The insulation test motor configuration is shown in Figure 20. Detailed
engineering drawings for the insulation test motor are shown in Appendix II.
Three Task I motor tests were planned. Each test motor aft closure contained
six candidate insulation specimens, plus a V-44 and V-61 specimen for control,
A stress analysis summary of LMISD test motor components is shown in Figure 21.

The most difficult part of the Phase I Thermal Test (also Task III,
Phase I, Material Performance Determination) was to obtain accurate insulation
erosion data at the higher Mach number regions in a motor with a small nozzle
size. Gas velocities from Mach 0.1 to 0.3 occurred in a relatively small
region close to the motor throat. A 1l0-degree nozzle approach was used to
expand this Mach number region. The observed thicknesses loss rate (TLR) of
V-44 at Mach 0.3 in large motors is approximately 0.065 in./sec. At Mach 0.1,
this is reduced to only 0.0l in./sec. This means that within 2.0 in., which
is the true distance between the Mach 0.1 and the Mach 0.3 regions on the
insulation surface the erosion rate differed by a factor of 6.5. The concern
was that the region between Mach 0.1 and sonic flow (Mach 1.0) was so narrow
that, for 20 sec of exposure, erosion at the higher Mach number regions would
influence and distort erosion upstream at the lower Mach number regions. To
ensure that usable erosion data were obtained from the motor tests, V~44 rubber
specimens were included in each of the motor tests as a control. In this way,
V-44 erosion was compared to the data currently available so that any dis-
tortions caused by the proximity of the high and low Mach number regions were
identified. The erosion occurring in other candidate insulation materials
was compared with V-44 rubber performance, and at least comparative informa-
tion was available. To achieve this material comparison, it was necessary to
establish an accurate means of inspecting pre—~ and posttest insulation specimen
contours. Several methods of obtaining insulation contour measurements were
investigated and evaluated for use on the LMISD Program; the methods investi-
gated are summarized in Figure 22. The most accurate method appeared to involve
the use of the Sheffield CORDAX 300 automatic coordinate measurement machine,
However, limited access to the aft closure nozzle entrance section severely
restricted the use and accuracy of this equipment. Re-evaluation of various
inspection methods led to the selection of a Portage layout machine for meas~
uring insulation specimen profiles. The inspection setup for layout of the
test motor aft closure insulation specimen profiles is shown in Figure 23.
Twenty-two measurements were made at each 45-degree radial location. The
0 degree index was the approximate centerline of the V-44 rubber control
specimen.
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V.A. Phase II - Material Thermal Tests (cont)

Only one fabrication problem was encountered which affected the
insulation test motor design. Fabrication of the chamber (P/N 1145905-9)
involved welding ASTM A36 steel plate flanges to each end of a 24-in.-0.D.,
Schedule 40, ASTM A53 seamless steel pipe. Upon completion of welding prior
to final machining, the supplier reported that visual and radiographic in-
spection revealed unacceptable welds, The supplier was given the option of
repairing the existing chamber or fabricating another. The supplier chose
to fabricate a new chamber, and requested permission to fabricate the
component from a rolled forging rather than chance another weld rejection.
The forging approach was approved, and, after consultation with structural
analysis personnel, ASTM A235, Class C~1 steel was selected. Hydrotest of
the completed pressure-vessel was successful.

B. INSULATION TEST MOTOR PROCESSING

The test motor pressure-vessel cap and chamber were insulated
with 0.2-in.~thick cured sheets of Gen-Gard V-44 rubber; the sheets were cut
from residual cylindrical section insulation from the 260~SL~3 motor program
ANB-3254 propellant cartridges were insulated with 0.2-in.-thick sheet of
V-44, then bonded to the forward cap. The insulated chamber was assembled to
the loaded cap. Polyethylene sheet was applied to the inside surface of the
chamber, then the annulus between the chamber and insulated propellant cart-
ridges were filled with SD-793 urethane potting material. The polyethylene
sheet served as a release to simplify posttest disassembly.

Processing of insulation specimens into the test motor aft closure
presented some processing problems due to limited access and a wide variety of
material viscosity, pot life, and cure temperature characteristics. The cast~
able, sprayable, and trowelable material specimens were installed into the
first two closures; the third closure contained most of the pressure-cured
specimens. The method selected for specimen processing is shown in Figure 24,
An IBC-101 plug with eight plexiglass dividers was installed in the 10-degree
nozzle entrance section. Sprayable and castable materials were injected into
alternate sections through a Semco cartridge. After cure, the plug was
removed and trowelable and pressure-cured materials were installed. Because
there was some concern about the erosion resistance of RTV-511 and PR-1933,
these materials were installed into the aft nozzle section over a 0.5-in. ply
of V=44, This backup ply served to protect the closure in the event of severe
erosion, as was experienced in the second closure. As previously mentioned
in Section IV of this report, only 6 1b of Thiokol TI-H704B material were
received. As a result, a l.5~in.-wide by 1.,5-in.-thick bar was cast and
cured, then installed into the nozzle entrance section and potted into place
with IBT-106 trowelable insulation material.
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V.B. Insulation Test Motor Processing (cont)

TBS-758 and IBC-11l1 material specimens tested in the second motor
were not on the original list of twenty materials. During processing of the
second closure, attempts to bond Dow Corning 93-104 castable silicone rubber
material specimen to an adjacent PR-1933 specimen were unsuccessful. Since
no other specimens had been prepared, the Aerojet Project Manager approved
substitution of General Electric TBS-758 silicone rubber material, so that
the assembly and test schedule of the second motor would not be delayed. It
was discovered later that the bonding problem was not due to the DC 93-104
material, but rather to the PR-1933; DC 93-104 was to be evaluated in the
third motor test.

IBC-111 castable, PBAN-epoxy material was substituted for castable
carbon. After numerous unsuccessful attempts to process an acceptable specimen
in the aft closure, castable carbon was eliminated as a candidate insulation
material. Its very short pot-life and cure hardness present processing prob-
lems totally undesirable for a large motor insulation system, IBC~11ll is a
castable version of IBT-100, and was developed as an exit cone liner for the
M~1 liquid engine program. IBC-11l1 formulation is the same as that for IBT-100,
except that the 20% carbon black and asbestos in IBT-100 is replaced with
Refrasil (high purity silica). 1IBC-111 has exhibited good erosion resistance
in the previous test program, and its potential was worth eyaluating in the
current program.

c. TEST RESULTS

The three Task I insulation test motors, identified as S§/N's I-1,
I-2, and I-3, were test fired on 18 October, 31 October, and 22 November,
respectively. An attempt to test fire motor S/N I-3 on 22 November resulted
in a 1.9 sec hangfire, after which time the motor chamber pressure increased
abruptly to over 1000 psia, causing failure of the aft closure-to-chamber bolts.
As will be described in detail in Section V.D. of this report, the S/N I-3
motor components were repaired, rehabilitated, and reassembled, The motor,
reidentified as S/N I-3A, was test fired successfully on 20 December 1968.

The following is a summary of the insulation material specimens
tested in each motor:
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V.C. Test Results (cont)

Motor S/N I-1 Motor S/N I-2 Motor S/N I-3A
V-44 V=44 V-44
V-61 vV-61 IBT-100
IBT-100 408D~80 Orco 9250
IBT-106 RTV-511 USR 3800
IBC-101 IBC-111 USR 3804
IBS-107 Avcoat II TI-H704B/V-61
IBS-108 PR 1933 4011
IBS-109 TBS~758 Avcoat 8021

The specimen locations for each motor are shown in Figures 25, 26, and 27.

The pressure~vs—-time performance curves are shown in Figures 28,
29, and 30. The following is a summary of motor performance:

S/N I-1 S/N 1I-2 S/N 1-3 S/N_I-3A
Web Average Pressure, psia 640 641 1.9 sec 634
Maximum Pressure, psia 680 668 Hangfire 662
Web Duration, sec 17.6 17.7 Closure 17.6
Ejected

The 1128714~1, ANB-3254 propellant cartridges were cast from batch B-473
during 260-S1L-3 motor propellant production at the Aerojet-Dade Division,
Homestead, Florida. Liquid strand burning rate for propellant batch B-473
was 0.692 in./sec at 600 psia; the burning rate and exponent specified by
NASA-LeRC for use in the LMISD Program was 0.692 in./sec at 600 psia and
0.35, respectively. The reported ANB-3254 burning rate for Motor 260-SL-3
was 0,729 in./sec at 600 psia. The 0.73 in./sec burning rate apparently
applied to batch B-473, as evidenced by the higher than predicted web average
pressures and shorter web burning durations.

The fired motors were returned to the processing area, disassembled,
and visually inspected. Char thickness on all specimens except IBS-107 was
approximately 0,1 in.; residual char thickness on the IBS-107 specimen was
approximately 0.13 to 0.20-in., very similar to V-61 charring. Unusual erosion
and charring patterns were evident in the PR 1933 and TBS-758 specimens. Also,
an unusual erosion pattern was experienced by the Avcoat 8021 specimen in the
Motor S/N I-3A. The Avcoat 8021 specimen was prepared by bonding two 0.25-in.-
thick cured sheets together with Epon 921. A 2-in,-thick by l-in.-wide block
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V.C. Test Results (cont)

was cut from the material and bonded into the motor aft closure; IBT-106 was
troweled around the specimen as shown previously in Figure 27. The Epon 921
bond line between the two 0.25-in.~thick plies was oriented perpendicular to
the closure shell and essentially parallel to the closure center line. As
shown in the following sketch, severe erosion occurred in the bond line, thus
negating any meaningful performance data.

Bond Line

Between Plies Posttest Erosion

Adjacent
Specimen

Adjacent

\ Avcoat
Specimen

v 8021
\

N _s
~Ny IBT-106
Filler

Closure Shell

Cross Section of Avcoat 8021 Specimen

Following visual inspection, the char was removed from the specimens
and posttest profiles were measured.

_ Pre- and posttest specimen profiles for each motor are summarized
in Figures 31, 32, and 33. 1Individual specimen profiles for each material in
each motor are presented in Appendix III. As previously noted, the objective
of the Phase IT motor tests was to obtain insulation material performance data
for each of the materials relative to V-44 and relative to each other. Specific
material thickness loss rates versus area ratio or gas flow Mach number were
not possible because of the significant, non~linear variation in the area ratio
over the 17 sec burning duration., The profile summaries of Figures 31, 32
and 33 were prepared by using the V-44 specimen pretest profile as the initial
surface; then each material erosion profile was plotted relative to the V-44
surface,
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V.C. Test Results (cont)

Using the pre~ and posttest profiles recorded in Appendix III,

each material thickness loss was measured at the 22 specified locations normal
to the specimen surface. The initial area ratio (A/A%*) and initial Mach number
at each of the 22 locations in each closure were calculated from the recorded
profiles. Thickness loss rates were calculated by dividing the measured thick~
ness loss at each location by the web burning duration for each motor. Initial
area ratios, initial Mach numbers at the specimen surface, thickness losses,
and calculated thickness loss rates are summarized in Figures 34, 35, and 36.

Again, in an effort to compare visually the relative erosion resis-
tances of the candidate materials, the measured thickness loss rates are plotted
as a function of the initial Mach number at the specimen surface for each motor
in Figures 37, 38, and 39. These graphs are not intended as a material design
guide, but only to show the relative performance of each specimen, and were
prepared by plotting the TLR-vs-Mach number data summarized in Figures 34, 35,
and 36, then drawing the most representative line through the data points for
each material. Material performance relative to V-44 are summarized as follows:

1. USR 3800 11.  USR-3804

2. Orco 9250 12, 40SD-80

3. V-61 13, IBC-1l01

4, IBT-100 14, TI-H704B

5. IBS~107 15. IBS-108

6. IBC-111 16, Avcoat 11

7. IBT-106 17, RTY-511

8. V-44 (Control) 18, PR 1933

9. IBS-109 19, TBS-758
10. 4011 Avcoat 8021 ~ No meaningful

data. 93-104 and Castable
Carbon — Not tested.

D. MOTOR S/N I-3 MALFUNCTION

1. Performance Analysis

An attempt to test fire Motor S/N I-3 on 22 November 1968
resulted in a 1.9 sec hangfire, after which time the motor chamber pressure
increased abruptly to over 1000 psia. The nuts on the 48 aft closure-~to-chamber
joint bolts failed, and the closure and burning propellant cartridge were
ejected. The insulated chamber and forward cap were undamaged; bolts in the
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V.D. Motor S/N I-3 Malfunction (cont)

cap-to-chamber joint had yielded and were loose after the test. The insulated
aft closure impacted on a revetment approximately 35 feet west of the W-1 test
stand. Damage to the closure included a 3.0-in.-long depression on the outer
circumference of the 25-in.-dia flange, substantial unbonding of DC93-104
specimen, and some superficial gouges in the forward face of several insulation
specimens,

A pressure-vs-time performance curve for Motor S/N I-3 is
shown in Figure 40, The igniter functioned normally for approximately 0.2 sec,
attaining a maximum pressure of 158 psia at 0.08 sec. The calculated maximum
pressure of a 300 gram boron-potassium nitrate pellet igniter fired in this
test motor free-volume is 152 psia. The LMISD igniter output is much greater
than the design requirements, shown as follows:

Characteristics LMISD Igniter Design Requirements
Induced Pressure, psia 158 20, minimum
Heat-flux, cal/cmz—sec 1480 70, minimum
Total available energy, cal/cm2 312 40, minimum

It is evident that the igniter used in Motor S/N I-3 functioned as designed
and delivered sufficient energy for propellant ignition, This conclusion can
be substantiated further by the fast, reproducible, ignition performance
observed in Motors S/N I~1 and I-2, and subsequently in Motor S/N I-3A.

Having concluded that igniter performance was not the cause
of the hangfire, the next logical suspect area was the exposed propellant grain
surface. Two possibilities exist; either the propellant surface was contaminated
or the propellant cartridge was installed so that the restricted face rather than
the propellant face was exposed.

As previously stated, the test motor cap and chamber were
undamaged; the only rehabilitation required was replacement of the 48 bolts
and nuts. Major sections of the cartridge plastic sleeve and insulation were
found in the vicinity of the test bay. The most significant item found was the
0.25-in.-thick, SD850~2 propellant face restrictor. The restrictor (17-in.-dia)
was in one piece, and was charred on both sides. The fact that this propellant
restriction was found outside of the motor and essentially intact indicated
that the propellant cartridge either was improperly bonded or was improperly
installed.

Close inspection of the aft closure after cleaning revealed a

17-in,~dia indentation in the insulation. The full diameter indentation was
0.06 to 0.12~in.-deep, depending upon the material specimen hardness.
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V.D. Motor S/N I-3 Malfunction (cont)

Apparently the 17.5-in.-0.D. propellant cartridge was unbonded. As pressure
built up at the forward end, most likely due to burning at the forward face,
the cartridge was forced at high pressure against the aft closure insulation,
thus causing the indentation.

In summary, the following facts are known:

- the igniter functioned as designed.

—  the 230,000 psi/sec rate of pressure rise was caused by unplanned
exposure of additional propellant burning surface (~130 in.z) a
temporarily plugged nozzle, or a temporary plugged pressure tap.

— the 17.5-in.~dia indentation in the aft closure insulation,
ejection of the propellant cartridge, and recovery of the
restrictor indicated an inadequate or non-existent bond

existed between the propellant cartridge and the forward cap.

The S/N I-3 malfunction apparently was caused in incorrect installation of
the propellant cartridge.

2. Remedial Action

The fired motor was returned to the processing area for dis-
assembly and further inspection. Only minor clean-up of the insulated cap
and chamber was required. The aft closure was cleaned and dimensionally
inspected. Inspection results showed that the forward flange flatness and
roundness were within original design tolerance. The following action was
taken to repair and rehabilitate the aft closure:

~— repair machining included removal of not more than 0.06 in. of
material from the 24-in.-dia forward flange face to remove
surface irregularities resulting from the impact and to obtain
the original 125 finish for an O-ring seal.

—  the exterior surface was magnetic particle inspected; no defects
were found.

-—— damaged or unbonded insulation specimens were repaired; this
included replacing the unbonded 93-104 specimen with IBT-100,
removing damaged insulation at the forward face of the closure
and replacing with IBT-100, and replacing damaged material and
superficial surface depressions with new material.

" —  the pretest profiles of the repaired insulation specimens were
measured.
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V.D. Motor S/N I-3 Malfunction (cont)

Several changes to the motor processing procedures were made., First, 100%
project surveillance of all processing operations were initiated, $Second, the
cartridge propellant surface was scaped prior to final assembly to remove any
foreign material, glaze, or fuel rich material. Last, only 3.,0-in. of SD-793
urethane potting were installed. The rehabilitated motor was identified as
S/N I-3A.

VI. PHASE III - PRELIMINARY EVALUATIONS

The objective of the preliminary evaluation phase of Task I was to
review the data obtained, and, on the basis of this data, select twelve
materials, including V-61 and V-44 controls, for further evaluation in
Tasks II and TIII. The selected twelve materials were to include no less than
two materials each from the trowelable, castable, and sprayable groups.

A summary listing the material in their relative standing for perform-
ance (erosion), cost, density, thermal properties, and moisture absorption is
presented in Figure 41, Figure 41 also shows the materials which are acceptable,
marginal, or unacceptable with regard to mechanical properties, ambient pot life,
and bond line tensile/shear strengths. Independent trade-off evaluations were
made by personnel from Department 0720, Material Technology, Department 3810,
Propellant Development, and the Project Manager. The individual material
ratings, summarized in Figure 42, were based on the following characteristics:

Approximate Significant

Characteristic Weight, %
Performance (test motors) 20
Cost (raw material, processing) 25

Compatibility with propellant, liner and

motor case steel 10
Physical properties 10
Mechanical properties 10
Chemical properties 10
Adhesive properties 10
Ease of repair/removal 2

100

Page 24



NASA CR-72581

VI. Phase III - Preliminary Evaluations (cont)

Materials recommended and approved for further evaluation in Tasks II and III
are shown in Figure 43.

The silicone rubber materials, 93-104, RTV-511, PR 1933, were eliminated
from further consideration because of their poor relative erosion resistance
and their poor bonding characteristics, particularly with SD850-2 liner. An
unacceptable, short ambient pot life was the reason for eliminating V-61 and
V-4011 from further evaluation; V-4011 also exhibited poor bond strength
characteristics with SD850-2 liner. It was interesting to note that the fore~
going materials (93-104, RTV-511, PR1933, V-61, and V-4011) also were the
higher cost materials, as shown in Figure 41, Sheet 1, Column 2. Castable
carbon was eliminated earlier in the program because an acceptable specimen
could not be installed into the test motor closure. Processing complexity
certainly prohibited the use of castable carbon as a large motor inmsulator.

Elimination of the foregoing materials left thirteen materials, plus
V-44, available for selection. Pressure-cured materials, USR 3800, USR 3804,
and Orco 9250 all exhibited good erosion resistance, reasonable cost, and good
thermal properties. USR 3800 was selected as the best low cost pressure-cured
material. Orco 9250 was the alternative material in the event that USR 3800 was
unavailable. Only three trowelable materials were available; IBT-100, IBT-106,
and TI-H704B. IBT-100 and IBT-106 each rated high in all characteristics eval-
uated. Although its erosion performance was poorer than that of the V-44
control, TI-H704B exhibited satisfactory properties in other categories to
warrant its evaluation in Tasks II and III. Four castable materials were
available: IBC-101, IBC~111, 40SD~80 and Avcoat 8021. 1IBC-111l, a replacement
material for castable carbon, was not included in the original twenty materials
approved for Task I evaluation; as a result, thermal property data were not
obtained. However, a good performance relative low cost, and properties
similarity to IBC-101 indicated IBC-111 was worth further evaluation. Avcoat
8021 was not selected because the supplier would not furnish the material in the
uncured condition as would be required for the Task II demonstration. The spray-
able materials selected were IBS-107, IBS-109, and Avcoat II. 1IBS~108 was not
selected because of its close chemical similarity to IBS-109, Avcoat II exhibited
only fair erosion performance, but showed good density and thermal properties at
relatively low cost.

Figure 44 is a brief Task II and III material demonstration and perform-
ance evaluation plan. V-44 will be included as a control in each of the five
motor tests, but will not be demonstrated in Task II., USR-3800, which rated
high in performance, cost, and thermal properties, will be evaluated in one of
the Task III motor tests, but as a pressure-cured material, will not be demon-—
strated in Task II.

Page 25



NASA CR-72581

VI, Phase III ~ Preliminary Evaluations (cont)

IBT-100 and IBT-106 will be included in one of the Task III motor tests
and will be demonstrated primarily as a forward/aft head insulator in Task II.
TI-H704B will be tested in Task II1 and demonstrated as a sidewall~head
insulator in Task II.

IBC-111, IBC~101, and 40SD-80 will be included in the Task II motor
tests, but only IBC-111 and 40SD-80 will be demonstrated in Task II. Bottom—
casting of IBC~101 was demonstrated previously in the fabrication of inert
slivers for Motor 260-SL-3.

IBS-107 and IBS-109 will be tested in Task III and will be demonstrated

for both sidewall and propellant boot applications in Task II. Avcoat II will
be tested in Task III and demonstrated in Task II as a sidewall insulator.

Page 26
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AEROJET
GENERAL

AEROJET - GENERAL CORPORATION

SACRAMENTO CALIFORNIA

SACRAMENTO PLANT

Gentlemen:

The Aerojet-General Corporation has recently been awarded a contract
entitled "Development of Cost-Optimized Insulation System for Use in Large
Solid Rocket Motors', Contract NAS 3-11224, The initial phase of this con-
tract is to conduct a literature and supplier survey to investigate potential
candidate insulation materials applicable to large solid propellant motor
cases, We would like to receive up-to-date information on the availability,
cost and properties of your material(s),
selected as tentative candidate(s) for evaluation in this program and also on
other materials you may have that are suitable for this application. In order
to evaluate the applicability of the available insulation materials, NASA has
submitted the following directives as a guideline:

1. Material Categories

The types of materials to be considered include the following
categories:

a, Chemical Groups
(1) Synthetic rubber and SR/filler combinations,

(2) Phenolic/filler, phenolic/NR/filler, and phenolic/
SR/filler combinations

b. Physical Groups
(1) Pressure cured components secondarily bonded into place.

(2) Ambient or vacuum cast components secondarily honded
into place.

(3) Room or elevated temperature cured materials trowelced
or cast into place.

(4) Room or elevated temperature cured materials sprayed
into place,
Sample Letter Distributed to Insulation Suppliers
Figure 3, Sheet 1 of 3
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Primary emphasis is to be placed on the investigation of trowelable,
castable, and sprayable materials, preferably materials that can be processed
at the motor processing facility.

2. Material Requirements

The specific requirements imposed on the insulation materials are
as follows:

a, The material must have no unreliable usage history in
solid rocket motors.

b. The supplier must be able to manufacture the materials
in quantities necessary for large solid motor applications
without extensive facility modifications. Assumed motor
production rates shall be four units per year.

C, The supplier's gquality control capability must be adequate
for the intended use of the material,

On the basis of the assumed motor production rate of four units per year,
it is estimated that as much as 25,000 1lbs of material may be required per
quarter year with a total of 100,000 1lbs per year providing a single material
is selected for insulation of all parts of the motor case. llowever, materials
available in smaller quantities also will be considered as one material may be
selected for insulation of the sidewall, another material for insulation of the
forward and aft end of the motor case and a third material for the boots,

The selection of candidate materials of the various categories, as outlined
in the NASA directive, will be based on a number of factors of different signi-
ficance values. The essential data to be considéred are as follows:

Availability: 100,000 1bs per year (25,000 1lbs per 3 months)
25,000 1bs per year (5,000 1bs per 3 months)
10,000 1bs per year (2,000 1bs per 3 months)
Delivery Time: Weeks, Days
Raw Material Cost: $/1b for quantities 25,000; 5,000; 2,000; 200 1lbs,
Processing Characteristics: Curing condition (time, temperature, pressurc)
Also, viscosity and potlife for the castable,
trowelable and sprayable materials.

Mechanical Properties: Tensile strength, elongation, modulus, hardness,

Paysical Properties: Density, thermal conductivity, specific heat, water

absorption,
Bonding to Motor Primer-adhesive system recommended, shear and
Case and other peel strength data,

insulation materials:

Sample Letter Distributed to Insulation Suppliers
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Ablative Properties: Ablation and erosion rates in oxyacetylcne torch
and plasma arc tests, subscale and/or full scale
motor evaluations,

Use History: Rocket motors in which the material is or has been used
or evaluated. (Reference to reports.)

We would appreciate receiving data on your materials as outlined in
the directives, as much of the property data as are currently available, and
other information that may be of significance, as soon as possible and no later
than June 5, 1968. Test methods should be included along with the property
data. The materials are to be identified by trade name or designation, basic
binder structure and basic filler ingredient(s)., Applicable specifications
also should be listed, ‘

AEROJET-GENERAL CORPORATION
P,O, Box 15847
Sacramento, California 95813

G0 Sleriin.,

A, A, Stenersen
Dept. 0726/Bldg. 2015
Telephone: 355-6061, Area Codc 916

Sample Letter Distributed to Insulation Suppliers

Figure 3, Sheet 3 of 3



NASA CR-72581

sao7T7ddng Aq popusumwoddy STETISIR UOTIBINSU] 95B) 1010} 1920y 93ie7]

*dxon °3TI9qT4

*dion 23TI9qT4d

*dizon @3TI9qTd

*0n 19qqny 9 9II] TBIDUDDH

*0) YoTaAPoon g *d

‘ouy ‘Teloatupn

‘0D I94qqny uBITISDWY JSoOM

*0n Ioqqny R SITL TeI2UsH

*ouy ‘TeAOxTUN)

*0p) 19qqny UEBDTIDWY 3ISOM

*0p asqqny oTYO

*0n sse1819qrg uosdwoyl *I'H

‘05 Jaqqny R °IT] TBILUSH

1971ddng

oTaqBg
®OTTTS

adey, ®OTTTS

S03189qSY

s01894sy

S0183(SY

$0159qSY
§031594SY
s01824Ssy

s0382qsy

IoT1Td
12914

A10D

BOTTIS

o1vapLy
otuedaoug

pTOY oTiog

19qqna susTpeing-suaxfls (7)
isqQni SUITPEBING-a[TIITUOTAIOY (1)

9T0Z®10qIBY
JERSCLELE

9702®R10q1E)
/oTTOoUaYq

GHONMHOQHNU
/PTTouRYq

2TITOURYJ~¥LS

oY S CLELESE i
oTTOURYg-YaN

BOTTIS T4Ing
susThAdoag
~2UDTAYLY
auaTAdoxg

BOTTIS —-2uaTAY3Y

BOTTTS qaN

BOTITES gaN

BOTTIS agN

BOTTTIS aaN

A9TTTA (zowolseTy)

plechinh gy dnoin TeOTULY)

97 9@To0zei0qaED

gT 9T0ZBI0QAB)

0T °10ZBIOqIEB)
¢9—A PIBD-UDH
ds

SSBTD) oI[oudayg-—

(@)

96¢E-N
008¢ ¥sn

SSBT) J2TToudYd-yg4aN
8~-18~dKS

sseT) 1Aang

0T0% pae)-u=)

08¢ ¥sf
SSPT) ¥dd

T-T€0S

06Z6 9210

0259 ©°3TH

(ToI13U0)) HH—A PABRH-UIH
mmmﬁu‘ﬁﬁvaz

dnoip pein)-2Inssaid

Figure 4, Sheet 1 of 5



NASA CR-72581

saa7T7ddng £q popusumoosy STRTISIBK UOTIBTNSUT 9Sse) I0JO0K 39300y 981eT

4N

‘090 x2qqny ¥ °ITI TrILuU3) 8018948V apTIInsLTog~-Axody

*daop yoareso9y OTIUBTIV s01s89qsy

aprqaen uoTun
9PTQIB) UOTU[
apIQIen uOTUf

*09) OTII09TH TEBISUSDH

*dxopy Butuxon mo(q

+diop 8uruaop mo(q

oeTd

‘00 uworstndoag pesyyo0T] s031s9qsy uoqae)n
OTaswiATog °S°'n Iodeg adean

a9TTddng ASTTTL A9TTTA

IsqT3 Juaw8Tg

Axodg pSTITPOKW

19qqny SUODTTTS
19qqny SUOOTTTS
13qqny SUODTTTS
Iaqqny mﬁOUHHMm

I192qqny SUOITTIS
TAyroR-TAusyg
12qqny SUOOTTTS
TAyreR-TAuayqg

ggN
/usadostLTog

oTTOURYq

(12wolseTyH)
dnoan TBITWIY)H

(To13u0)) T9~A PIBH-UDYH

SSBTD 9PTIINSAToJ-Axody

dnois 9TqERTOMOI]
UBTPIEND
‘sseT) Axody
MGOET-A
G6TT-X
ETTT-A
LGG~TS

%CL-0E-X

8%0¢-S
SSET) OUOOTLLS

gy 1d1
ssSeTD) ouaadosT

TLTS WA
- SSBTH OITouaug
dnois paan)-ainssalg

Figure 4, Sheet 2 of 5



NASA CR-72581

sas1T1ddng £q popusuwoody STBTISIBH UOTIBINSUI 3SB) I03J0K 19¥o0Yy 231e7]

*diop TEBOTWSY)
9 UdIBos9y S310Npoig

*09 OTI1DSTH TeISUSH

+dxon Sutuiony moq

*0p I3qqnY § AT TBRISYH

*0) TEOTWSYD TONOTYTL

+0n uorsindoag pesyNs0]

*dion TeI9ULH-313[0a0Y

*dxon Teasuen-3e[oasy

T571ddng

1owATodod proe OITAIde-auaIpeiIngLiod (7)

PIOB OTTLIde pur OITIITUOTAIDER ‘susTpringdTod Jo asuwdiodial (T)

$0359GSY

$03824qSY

501S9qSy

s01sedsy

50318948y

IOTTTd
LELLE

1aqqny
QUOOTTTS GG6T—-dd
19qqny
SUOITTTS Z7G—-S4l
1aqqny
SUOOTITIS £80-€6
SSET) SUODTITTS
SUSTPRINgATOd
peoleuTuisl-TAXOIPAH 1TI0Y pIes-us9
AoBTY
uoqae) vvead g%70/H-1L
yvad y9-1d1
SSEBT) q
}oBTd
uoqIe)
-to2qs £xo0dg-Nvad 90T-141
MoETd
uoqien
~£0lqs £xodg-Nvad 00T-141
sse1) Axody AHVz<mm
ISTTTd (aowolseTH) dnoxs sTqeToMOI]
JuawsIg dnoasn TeoTwayn

Figure 4, Sheet 3 of 5



NASA CR-72581

saaT1ddng £q

+diopy ooay

*d1op yoaeesdy OTIUBTIY
+d1opy 9TI109TH TeIADULYH
+daon Sutuaon moq

+dxon SButuxon mo(Q

*0n wIsyr-£104 uUBOTISWY
‘0 wIsyI-AT0d UBDTISWY

*0n WIdYL-AT04d UBOTIDUY

*dion Teasuan-319foaoy

*dxoy Teasuen-i1sloaey

Is11ddng

popUSUOD®Y STETISIBK UOTIBINSUI] 9SB) I030K 3900y adieT]

Trseazey

s03183qsy

ISTTTL
19qT4

uoqien

foetd
uoqae)

-£0Cqs

IeT1td

Juswdtg

apTweLTog-£x0ody 120§ IBODAY

SSBTD) opTueATOodg~Ax0dy

aoukTodaurang uoqaen 97qeIsen

SSET) UO0qIBR)

12qqny SUOIDTTTIS TTS-ALY

I9qgny SUODTTTS 70T-€6

a9aqqny SUODTTIS €L0-€6
SSBT) SUODTTTS

aury3IaaniTog 08 4S 0¥

sueylaankTog 0% VS 0%

aueylaInkiod ¢ VS 0%

\ SSeTn sueylaif
£xodg-Nvdd TTTI-091
£xodg-Nvaq TOT-0€1

sseT) Axody-Nved
(121w03SBTH) dnoxn oTqeIS®)

dnoxs TeoTWOYD

Figure 4, Sheet 4 of 5



NASA CR-72581

s1o1Tddng Aq popuswmooay STETISIBK UOTIBTNSUI 9SB) 100K 393d0y¥ 93aeT]

+dxon TeOTWSYD
QY Yoieosay 1onpolg

*dxo) 0DAY

+dzon- Teasuan-1aloiay

+dzoy TeIoUan-318foreV

+dzony Teasuen-1slfoxsy

+diop Teasusg-isfoxey

7971ddng

£03159qSYV.

S0189qSY

5015949SY

I9TTT4A

19914

19qqny PUOITTTS

£e61-4d

SSB]) SUOOITIS

IT 3BO0AY

apTweiiog

-£xodg

auaTpeINgATOg

pejeuTmIal

€olas -&xoqae)
FyoeTd
uoqIeg

-£oCas £xodz-Nved
Fortd
uoqIe)

-to%qs Axodg-Nvad
Aqoe1q
ToqIB)

-to2as Axodg-NVEd

I9TTTA (12wolseTd)

Jusw3Tg dnoasn TEBOITWOYD

sse]) opruedfog-Axody

LOT-SHT
SSBTD HdlD

60T-S€1

80T-S€I

GOT-S49I
sseT) AXodi-Nvdd
dnoxs aTqeARIdS

Figure 4, Sheet 5 of 5



NASA CR-72581

‘o
fyogoos

€5

el
o]

06

ASuoon

()

= 3 a2

052

0ST
osT

08T,

¢,
002-0°1

002-00T
002-00T

oot

oot
&ge-oot

-
“02-00T
fooom
Hooz=00t
002%QpT

saaTTddng woxJ paareoey 'ivg L31i19doiag TeRTIDIRK

onE
08¢

oo:v

oo
ogh
og

743

334 agasq

2
[2)

ootz "W~ T yed EN
® SWLl ‘eunssosd eduey  Sewry

Aauooly *osTA-APIS AOTUY *uUI~G2°0 Jo4

*puoy. Buramy TROTAAL

" RISET (@)L (g)SLT

o
9N
o

-

or

ot
€T

(25
01~8
0T-8

€T

oT-g-

Seep

*TeQ

0g*?
02°¢
0g°z
9E*€E
ETadY
§2°€

9n*e
002

n6°s

e

nsee
on*e

19'e
o't
ot
£0°¢
ot

72T
Mt
05T
6T°€

0g°2
0z°¢
08"2
£33
05°¢
05*€

0s°2
o0tz

n6*s

e

nste
ante

e
08T
08°t
(1
08°T

92T
9T
05°T
61t

sg°2
se°€
08°2
ge e
08¢
05°¢

952
00°2

n6*s

L€

ns€

o

e
08'T
09°'T
€0°€
08°T
89°T
Mt
05'T

6T°€

o0 sz oo ot
ﬁ.m“ &

1500 TRTIOIEH Mew

66°2

20°€
80°€
sz
85°¢
05°€

65°€

50" 670
65°T  TL'0
06°T  OT'%
61°2  69°T
(1324 ££°T
6tz 0£°T
sgte of°t

-

0

o°T

#g°0
e

0€°T
08T

036~54F HE05 5eegid 092

g §z2 ™ME 00T n3g o

ECLIEAT

€389 oIy wussTd
UT 33wy UOTYETAY

A
ki
o€
€8
és

@ saoug
SS/6€

q eaoyg

og
e
(7
8

|xoys

Tes-;3] SeeupIeH
b

WYRTTR80), YOIOT
SuaTLe0y-Ax0
WY 83ey USTIEIAY

0022

Tsd
sng
=TpOH

00
004
058
009

o't
00€

0§
6%
§2/9°0

s/e

ot
o

002
19
osg
L6L
oo

sLn/sit
00L/059

085

o

3

fy3dusxag
STTSURY,
Xey 9%

uot3eluoTy

050T

007T
00TT

001t
ofg
0sg

ooL/o0n
ot

0009/000€
006/00%

oo
SL9

008
002t
mEé

€002
0021t

0521/008

00LT/S2MT
onse
Tt

=
wBuaxyg
QTTEUL],

uoTieTnNSUT Jo Aivwung

I8 QL

- Al
- 8o

- T80
- mso
- aro
S
i L
w06, 90
- omo

9100  €£7°0

9°0
noz*t
o1
0£2°T
0LL*T
88T

oy

992°¢

9T*T
£2'T
9T°T
98°T
18T
0E*T

o£°T
et

g2°T
90
19°0
£90°T

moz°T
SU°T
.mm..n
60°T
6TI°T

L2t
92*T
92*T

692°T

U TPIEND
MGOET~3
STeT-%
€121y
L5g-as
N2L=0E=X
ghoz-s

a-147
eles Ha

92
STOZRIOOIED

8T
STOZRIONTE)

0ot
BTOZLI0GXE]

29-A

9561 -

008¢ ¥sn
4T WS

0109
foge ¥sn

T~TE05
0526 00¥0
0259 C0ITH
A

dNoan PaANg-oaneawad

g 0, *3/TRY E5yiI~aU
‘uors 4,052 @
~dIosqy 1eey
eIn1STON OTIToedg TEUIOUL

23/1D

-nad €A Taesn
*30upuog. OTFFORdS

TeTIa% e

Figure 5, Sheet 1 of 3



NASA CR-72581

sa917ddng woij poafedsy eieq L31iodoig TeIi9lel UoTIRINSUI JOo AXBWUNg

e L g~ ooof00z 9T 46*S  g8°§  S5°S - - == - s - o8t o5¢ - - b 02°T TUG~ASY
90T
2 L - X TT o9 00°9  00°g  00°% €2 - - - - 49 - 75 542 bl - ane "Mt oT~£6
0T
k4 L 2 xfT 9 00*9 009  00°% - b - - - 59 - Sk slg - - et SL*T £L0-€6
002T
e ofe/LL T /o008 9N 0g°z  00°%  00°% - - - - - - - ogt 008 - el el STt 08-Vs~01
8- ogt s*0 -~ o 0s*9  SL°L  G2°8  MM"S 95°€  SE°T - - - 1925 €€T 92TT -~ ISN*0  OE6°T  GEE°T of~vs=0on
g-n 08t T=5°0 =~ 9=1 0s*9  SL°L  Setg l6*S Mz ot - - 0005 OfT 00TT -~ ggf*0  O0%E°T  lzE°T 2-ys~on
- 002 bl - - 68°T 91T 9T°2 - b - - - e - e onee L 0 - -~ T208 EYOOAV
000E
- T . . . o - - - - 2t £6 2 - - - 6T TTT-08T
2rg ST m%.mm 79 () 05°T() 05°T(g) 5T o7F 69 S ]
ks S€T 89 /f000°€ T8 ()00 ()"0 (g)£9°0 /22 - - - - - 506 98 iyl - - - oeert TOT-0RT
) STqRiEE)
Mz 02/5L z 000°€T S 969 o9 99 - - - - - 0 - 002 o0f - -~ - ot SS6T~ud
e P25 z ooofog oMt 004  00%2T 00°2T - - - - e - - 05 osn - 90 - et Fatagsl:
12 LL 2 - 9= 00t9 00*8 00°g - - - el - 9 - 13 SLe - - ™ SL*T £80~€6
02T/ME 5L z - 9 Sg'9 st 589 - -— - - PAas 9 - ot aLé - - - ot*T Ton
ozi/el €T =g - [ gt 06°T 202 - - - - - - - T sit -~ G2*0 - 0€*T aHOLHTT,
- 09T/LL 48 had 8 gLz g€ £9*% b b - - - S8 - g€ fe8 I fe*o b 0E'T 1T
an ST 0T-§ T (5)L570 (5)09°0 (2)09°0 - - - - - —— 005°TT 69 oL $*0 - - o't 90T-141
g1 SET o= e F-Q (2)S9°0 (2)99°C (z)5970 9 092 't - - 006€ 69 998 g0 ggE'0 9191 66T 00T~381
9T 02T/SL g0 - €T gnet ST eNem g6 s9°t T'T -~ 1T 02 - 2 006 —— €ENt0 EMPPT gOE°T 94
SIQEPMOIL
VST, ey X[ ss0d Sy qT qt TL D0S~33] 099533 099-gd O86~gt) 0es-3J  SSOUDIEH .,mmm . 3 I5d Y D, 3/TE0 d,=g+a~ i Do/M0  LERAelEH
SUCTITPUCY FULIND dolL ~tawep  “oWTE 00052 cowm 0002 0T 138 05 Nag 922 vag ot aaoug sny yaBusays ‘yaduexys  uoTs  d,088 /UIMIE ‘Hsmap
0 J Lo T qt/$ 088 /STTH oS8 /s ~OpOY STISueL OTISUSE ~dIosqy @ YeeH °3OTPUOD OTIToeds
T M €450 TeTISNBy MEY €959 oy euseld 486 UQJIOL SXEH 3% aangeTol OTITeeds  TeWwISUL
30d -00STA uUT 937 UOTETAY eusTiye0y-£X0 1oTyeducTR

ut ejey WOTEIAY

Figure 5, Sheet 2 of 3



NASA CR-72581

sxoTTddng woxj poaTeo9y 'ivQ L3a9doig TBTISIBW UOTIBINSUL JO Lxeuumg

uoqae)
- —— - - o=t Rvowno AmvON.O Amvow.o - - - - - - . - -— - - — - 9TqeISB)
02T 000008
ffMe  /sL 2-st0. -oo0fose THE 00°s LT°s 388 - el ] - -— *8Y GE b 052 _0ss ol 62°0 meT aneT €E6T~8d
q axoug
9T L - 000°ST f2-2T 65T 59°1T §9°T - - et - - oft - €2 000z == E0 -~ 720°T IT IVOOAY
0009 .
o SET 89 ~000E TR (5)99°0 (z)99°0  ()BL°0 - 62 [0 S - et - - b $%0 el - LE2*T 60T~SHI
. 0009 . o -
gt SET 89 ~000E 28 (z)L9°0 (g)L970 (g)EL°0 - - - - e - - -~ - §%0 - - g02*T 80T-¢41
000F
4 gT €T =000T TI°9 58..” avoe..ﬁ @2®T - - - - - - 2559 9z oLL o] nE0 026°T OTR°T LNT-SEL
0009 . .
et ST g9 -000E 28 (2)69°0 Qvﬁ.o (2)94"0 - - - - - - 6TT €T s 5*0 - o o£*T SOT~SET
STaEAeds
z DT d € q at “ST D86-537 DOS-_3] O6S-53F DeS~gll 008-,3]  SSOUPITH b A A Isd (3 G.UF/T80 L,-703-38  O0/RD  LerTaoReR
goﬂmﬁnoo TAND m.nmh. nﬁmmwo quwwm .S%mm 0! Got Bmmo g 622 M4 mo.m sao0ug fsny ugBusasg  usbueals  Fuom ° 4,082 w.ﬁ-:pm ¢ Ay TaRID
} ’ .@ doll ® °Ted ar/4 D08 /STTU ~TPOR oTIsuULy, oTTISUS], ~dIosqy ® 1EOH  *q0mnpuold. ot3Toedg
Py 380D TEPTITNEN MY €380], ody wwSeELd 388] Yool *XeR 98 8aMQSTON OTFToeds  TRUWISUL
204 =0OSTA uT 8%y UOTRETAY susTAYe0y=AX0 uoT4e3U0TT

ut e3ey UOTRRTAY

Figure 5, Sheet 3 of 3



Report NASA CR-72581

STeTA91BN UOTIBRINSU] papusuwoddy I9TTddng Jo AI03STH 9F)

*goururoziad poon
*2ouBwIoII9d poon
*§2T3TO0T9A sBE MOT pue
y3Ty 3® 9ouswaogasd poon
*89T3100T94 sed

MOT 2B 9douswiojzed poon

*S9381 UOTIBTGE MOT

*s93®I UOTIBTqE MOT

*9ousuxogaad poon

*ooueurojiad poon

*sourwIoliad poon

*£31119
~tonpoidax pur AITTTqeITex
souewroyaad JUSTTIOXY

SOT1STA9108IRY) 20UBWIOIIJ

SI030} @Tuan
pue lojow 98e1§
Taddpn BTP-*UT-#/

SI03 0K 9TUdH

SI030]] 2TuUs9H
‘gV sTaeTOg

dv7Z pue moaxedg Sut
-pnNIouT siojow TleUS
Jo asqunu B UT pas

SI010[ 2TU39H

SI030K 9TUIDH

BIP-"UT-0CT

*O-1II1 uelllL 103 JES
: (p2ayyooT)

1030w (*BIP-'UT-9ST) TL-T

11 SurM vewWEINUTHK
£V STaeTod

SI030[ X9TTeus

UT UOTIBTNSUT QwWop 3IIV

*0-IIT Ue3TL
103 W¥S "BIP-"UT-071
" (PRRP(0T)
zojow (*BTP-"UT~9GT)
T4-7T JO Sealr UOTS0I?
MOT pue 2WOp paIeMIO]

(39foasy ‘1ojorylr ‘peey
-%207 “*O*L°'[]) SIojow
*BTP-'UT-(Q97 PUB ‘-9GT

‘-0ZT ‘-00T U3 UT pasn

S1030}] 1900Y =3B

suoT31BOoTTddY

I0310]] 39900y

¢9—-A PABD-UID

96¢-N

008¢-4sn

8~T8~W4S
0T10% PABO-U=d

%08¢-450

T-T€0S

06C6 09410

0259 ©O°3TH

(T023U0)) #h—A PIBRH-UDD

dnoisn painp-sanssaid

Figure 6, Sheet 1 of 4



Report NASA CR-72581

STETI9IB UOTIBINSUT poapusummodsy i=oTTddng Jo L1038TH 9s

*dousuIoyaad pooy sxojom 9TBOSANG
*sa131adoad aATIBIQE POODH siojow 9TBOSQNG
*sat3aadoxd aaTIRTqR POOH siojouw 9TEISqNG
*soT3a19doad 9ATIRTQE POOH sS1030W 9TBISANG

* (wea8oad BIP-"UI~-9GT)

*gourmIoIaed TTBIDAO POOH siojowm 9TeBISANG

‘100w pRWON dY3 Ut

asn 103 pue (TOYOTYL)

8T2zz0u BIpP-"UT-097

9Uyl uf Isn I0J siojou

*S93BI UOTIBT(R MOT] 3893 UT polenTeAj
SODTI1STIOTIORIBY) 9OUBWIOIIDJG SI030}] JIoTTEuS SI030)] 39300y 93187

SuoTABOTITAddy 1030} 219900y

UBTpIBNY

MSOET-X
YA |
€TCT-A
LGS-HS

%TL-0E-X

8%0¢-S

g% 1dT

LTS WA
97 9102B10GAE)
QT @TozBIOqiE)

0T °T0z®iogqie)

dnoas paan)-sanssaig

Figure 6, Sheet 2 of 4



Report NASA CR-72581

STETIDIBY UOTIBINSUI popusumoddy] ialTddng jo AI0ISTH 9s8q

*gouswIoaad poon

*9ourwIoIod poosn

*aourmxoIxad poos

*seoie LA3T00T9A sed
ySIYy ur S°IBI UOTIBIGE MOT

*seade L1TO0T9A SsES moT
pue y8ry ur eouswxzojiad pooy

SOTI1ST19310BARY) 20UBWIOJIa]

¢g6T-ud
¢S—-SelL
£80-€6
* (To9OTYL)
(meaB8oxd BIpP-°"UT-9GT)
siojow ¢£-§5-99 pue
Z—-SS5-99 afeosqng a70/H-1I1L
(pe9ayx20T)
xojou (BTP-°"UT-9GT)
(Z.-T) UT wOT3IBINSUT
dWOpP 1JB PUB PIBMIOJ h-1d1
29V
‘siojow 18591 9TrOSqnNg
wex8oxg ASoTouyoa]
youneT 303[g-3T°S
*DovV
(wei8oxd xojouw 393d01
*BIP-°"UT-(Q97) JIo3ow
BIpP~*UT-Hy STBISAqNG 901181
caolou ¢—-1S-09¢
*§10730W DTUDY Iyl uT UOTIBTNSUT
1030w 31893 STIBTOJ TI2US oTZzou se pas( 00T~I191
*siojou BIP
~*UT~-09¢ pu® -~-Q¢T |Y3 Ut
TBTI=aleW JuBTeesS utol
pue iatedsx B se pesp 19-A PAeH-UIH
SI030}] Xo]BuUSg S1010}] 19%00y °231e] dnoas aTqeToMOI]

SUOT1BITTddy X030 1900y

Figure 6, Sheet 3 of 4



STBTA91B) UOTIBTNSU] popusumodsay IsTTddng jo A101STH @SN

*ST9ADT XNTJ
Jeey MOT 3I®B 9ouewrojaad poon

+gouewzojaad poon

*aoupuxogiad poos

*3ouewroJasd poon

*suot8aa A3To0ToA sed
ySTYy UT 93BI UOTIBTQR MOT

*a0uswIojasd poon

Report NASA CR-72581

*suot8aa L3T00T9A SE3
MoT Ut 9ouemioyasd poon

*aouswioyaad poos

*9ouemiozasd poosn

SOT15IJ19]0BJIRY) 9DUBWMIOJIDJ

€E6T ¥d
s1030W UBWAINUTK JO
UOTIBTNSUT TRUIDIXE IT IeOOAY
sI030W
noaxeds paouBApy
U pelEBnTRAY LOT-S€I
xojouw ¥Yvgd SL°C UT
UOT3IBTNSUT pus 3IV 60T-S€1
1030w
gvad ¢/°7 Ut uorlef
~DSUT TTeM I9]3UWET( 801-s4I
G0T—-S4I
dnoisn oTqeAwvidg
TZ08 3IBOOAY
S1030) 159 PBWON uoqien 9TqeISe)

iojow ¢y STIBTO4
UT UOTIBTNSUT

389y °9seq S® pas( TIG-ALY
70T-£6
£L0~€6
08-dsoy

siojom
9TU9n pUBR NMEH 0%-VS0%
SI0J0W JTUID T-VS0¥%

aojow ¢-7§-09z 2Yd uf
SIBATTS 11I9UT SB PIs| TOT~-DE1

SI070}] ISTTeuUS SI1030]] 39320y 93aeT] dnoin 9TqelIse)
SUOTIBROTTAAY J030[ 1319¥00Y

Figure 6, Sheet:4 of 4



NASA CR-72581

21n) aanssaid
aIn) a3inssaid
ainD aanssaid
ain) ainssaid
ai1n) ainssaid
ainy ainssaid
aIn) ainssaid
2In) aanssaid
2In) aInssaid
2In) aiInssaid
2INn) aInssaid
‘dnoxo 1eoTsAuUd

s1070) 1900y °81eT 03 °27qedTITddy STETISIBR UOTIBINSUT (O 3O ISTT 93BT pewIaiu]

BOTIIS
eOTITS

91 eI1pdH
oruebiour
s031Ssaqsy
s031saqsy
so31saqsy
sol1seqsy
BOTITS
~5031S9Qsy
BOTITITS
s031s9aqsy

BOTITS
-S$03S9qsy

I5111d otsed

1aqQnI BUOOITIS

1aqqni aUuoOIT IS

auarpeing-aIrI}TU
-oTA10y~0TI0OUdYY

auatpeing
~auaxdostATOd

Iaqqni
auaipeing-suaifls

Iaqqni 3uaf
-Adoad-auatdysrg

Iaqqni auajy
-Adoixd-auatAyly

auaipeing
-3[TI3TUOT AIOY

auaTpelnqg
~aTTI}TUOT AIOY

auarpeing
-3TTX}TUOTAIOY

suaIpeinqg
-3 TIFITUOTAIOY

Iapuilg oO1sed

"UOTW ‘PUETPIN
‘dxop Butuio)d mog

A "N ‘pIrojiazem
‘0D OTIII0J[Y Teraudn

oTYQ ‘uoany
"0D YdTIpoon 4 ‘4

*FI1eD ‘spuerpay
Aueduo) pasayxo00]

oTyO ‘uoIy
0D I8qgny ¥ SITL TeIauadn

oTyo ‘uoiyy
0D Xaqgnyl ¥ DIT] [eI3UIdDH

BURTPUT ‘edemaysIn

0D I9qQny 'S N

TOD x2qqny OoTyo

"FI1eD ‘euapien

0D uosdwoyl ‘I °H

"0D Iaggny UedTIdWY }SOM

oTyo ‘uoiny
oD Iaqny B BIT] 1eaAsuadn

1211ddng

8¥0C-S

LSS IS

95t -N

c-ad1

Z9A pIep-uan

o10?%A

pIeo-uan

08t dSn

0526 O0DUO

0cs9

I-1€0S

(10x13u0)D)
PPA preo-uen

uotieubrsag
1eTIajen

Figure 7, Sheet 1 of 3



mnﬂawzoua

Bbutiamoay

butiemoxl

purTomo Il

NASA CR-72581

burtamoxl

butrTemox]

2IND dINSSId

2In) aInssaid

2INn) 2Inssaiyg

S1030]] 1900y 981eT 03 9rgeorTddy STETII®IB] UOTIBINSUT (O JO ISTT 2IBIPaWIdIUT

eOTTTS

sol}soqsy

s031saqsy

solsaqsy

s03 saqgsy

s031saqsy
eOTITS
-s031S3aqsy

PIOV OTIog

eOTITS

dnoxn TedoTsAuyd

IS11Td orseg

Iaqgni SUODIITS

Axoda
~3ITI}TUOTAIOY
-duarpeirnqaAiod

Axoda
~91TI3ITUOTAIOY
auarpeinqAarTod

xawAtodxag
PTOV OTT4AIOV

~ 8] TI3TUOT AI0Y
auarTpelInqATod

xawA1odiag
PTOVY OTT14AI0Y
3T TIITUOTAIOY
auatpelnqA1od

auarpeinq

-3T TI3ITUOTAIDY
apTIINnsSAtod-Axodyg
I2qqna TAlng
auaIpeIng-a[TI}TU

-oTAXIDY-OTTOUdYd

Iaqqnx BUODTITTIS

Iaputg otseg

"UDTW ‘PUeTPIW
-dxop Butuaod moqg

*JITIeD ‘ojusweides
‘dxo) (exauaon~3afoxay

*JT1eD ‘ojudwerdes
‘dxo) texauan-jafoxay

yein ‘A3rd weybrag
*0D TedTwayd 103OTYL

*JT1eD ‘spueipay
Auedwo) paayxo07]

OTYO ‘uoIny
0D IeqQny B BIT] eIdudd)

*FITeD ‘wrayeuy
“0D Xaqgny uedTIAMWY 3IS2M

BUBTPUY ‘edemaystp
"0D I8qQny S ‘N

"UOTIW ‘puerpIn
‘dxo) Butuxo) mog

x571ddns

£€80-€6

90T1-191

(os1-0580as)

001-1491

d¥0LH-11

T1€-2d1

TI9A paed-uay

8-1I8 UWS

008¢ dsn

crioE-X

uotzeubisaq
1eTIalen

Figure 7, Sheet 2 of 3



NASA CR-72581

$1030]] 19300y 981e7 031 °1qeorTddy s$TETILlBl UOTIBINSUI (¢ JO ISTT 23BTPaWILIU]

Figure 7, Sheet 3 of 3

I13PMO ] TSSen [ 19MOT
Butdeads Ax10310eI1F2Y opTwediod-axody dr1od QoMY II LYODAY
Iapmod FT1eD ‘ojuaweirdes
butAexds AI1030e1I9) oTTOoUSYd -outf Afoyouyoal uorlernsujg 9CZTT TaN
*A "N ‘proziaiem
butAeadg eOTITS Iaqqni SUODITIS ‘0D OTI}02[Y [eiauadn 115 ALY
Axoda
-3TII}TUOTAIOY *JI1eD ‘ojuawerdes
putAeads s01S2qsYy ~-3uarpeinqAiAtod *dxon peisuan-jof oxay SOI-sdI
SITI}TUOTAIDY “Fr1eD ‘ojusweideg
putAexds $031S3aqSsy -ausTpeinqgAiod *dIop 1exausn-ialoiay 801-S81
PIOY 211410V
Q 91 TI3TUOTAIOY
ajeuelrl ‘auarpelrnqaAtod
wunISselod Jo 1audAtodial
aPIXO R} 97TI}TUOT AIDY *FTIED ‘ojusmeadeg
puthexds Auowtiuy ~auarpeingiiod ‘dxzoy Teisuan-3afoxsay Z-8.8 d4s
"UOTW ‘PuUeIPIN
purise)d BOTITIS Iaqgni S9UODITIS *dxo) Buturo) mog €L0-€6
Axoda
-3TTI}TUOT AI0Y “JT1eD ‘oljusmelrdeg
butised S031S9qQSy -auarpeinqgiiod ‘dxop Texausn-3afoxay I0TI-0d1I
*JITIED ‘ojuswmerdes
purised BOTITS aueylainAiod ‘0D wraylrA1od uedTIBWY o¥VSOo¥
*ITTeD ‘ojuawmexdeg
Burised BOTTITS aueylaaniiod 0D WidyILATod uedstTIauy ZVSob
dnoxs TeoTsAyd I2IITd OTsed Iaputyg O1ISeg uorjeubrsaq

TeTIdleN



NASA CR-72581

Pressure-Cured Class (4 Materials)

Gen-Gard V-bh (Control)
Orco 9250
USR 380L

USR 3800

Trowelable (6 Materials)

Gen-Gard V-61 (Control)

IBT-100

Gen-CGard 4011

Castable (5 Materials)

IBC-101
40 8D-80
Castable Carbon [{}5
RTV-511

Aveoat 8021

Sprayable (5 Materials)

IBS-107

IBS-108

Supplier

General Tire & Rubber Co.
Ohio Rubber Co.
Uniroyal, Inc.

Uniroyal, Inc.

General Tire & Rubber Co.
Aerojet-General Corp.
Aerojet-General Corp.
Lockheed Propulsion Co.
Thiokol Chemical Corp.

General Tire & Rubber Co.

Aerojet-General Corp.
American Poly-Therm Co.
Atlantic Research Corp.
General Electric Corp.
AVCO Corp.

Dow Corning Corp.

Aerojet-CGeneral Corp.

Aerojet~General Corp.

Aero jet-General Corp.

List of 20 Insulation Materials Selected
for Evaluation in Task T

Figure 8, Sheet 1 of 2



NASA CR-72581

Sprayable Class

Supplier
IBS~109 Aerojet-General Corp.
Aveoat 11 AVCO Corp. \
PR~1933 Products Research & Chem. Corp.

Material could not be procured at acceptable cost to program; DC-93-10h4
used in place of LPL-LL,

Z{>> Could not be processed into test motor aft closure; IBC-11ll used in
place of castable carbon.

List of 20 Insulation Materials Selected
for Evaluation in Task 1

Figure 8, Sheet 2 of 2



Material
V-Lh4
Orco 9250
USR 3800
USR 3804
V-61
IBT-100
IBT-106
LPL-LL
TI-H7OLB
4011
IBC~101
IBC-111
408D-80
Castable
Carbon
RTV-511
Avcoat 8021
93-10k4
IBS-~-107
IBS~-108
IB8-109
Aveoat II

PR 1933

Supplier
GTE&R
Ohio Rubber
Uniroyal
Uniroyal
GT&R
AGC

AGC

pc

TCC

GT&R
AGC

AGC

American
Polytherm

ATC

GE

AVCO

AGC
AGC
AGC
AVCO

FR

NASA CR-72581

Procurement Summary

Available; residual from 260~-SL-3 program
Purchase Order G10352; $75 for 45 1b « $1.67/1b
Free Samples; 35 1b

Free Sample; 35 1b

Available; residual from 260-8L=-3 program
Raw material; $0.65/1b

Raw material; $0.60/1b

Procurement cancelled

Free Sample; 6 1b

Free Sample; 25 1b

Raw material available; $0.67/1b

Raw material available

Purchase Order G635512; $135 for 30 1b or $4.50/1b
Purchase Order G635625; $115 for 25 1b or $4.60/1b

Purchase Order G635367; $14k for 24 1b or $5.10/1b
Purchase Order G 104219; $170 for 20 1b or $8.50/1b
Free Sample; 20 1b

Raw material available; $1.62/1b

Raw material available; $0.73/1b

Raw material available; $0.72/1b

Purchase Order G636021; $74.50 for 26.5 1b or $2.79/1b

Purchase Order G103542; $207.78 for 34 1b or $6.15/1b

Task 1 Insulation Material Procurement

Figure 9
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MEMORANDTUM

TO: D. L. Nachbar 10 June 1968
JMK:wjis

FROM: J. M. Kovacs 2019A:3252:807

SUBJECT: Preliminary Stress Analysis of LMISD Test Motor

DISTRIBUTION: E. P. Eales, R. D. Entz, R. Knapp, File

ENCLOSURE: (1) Detailed Stress Calculations

A preliminary structural evaluation of the LMISD test motor
primary components has been completed for a design pressure of 720 psi, approxi-
mately 115% of MEOP, with results shown in the table below. The small margins
of safety should not be of concern, since they are based upon conservative ana-
lytical methods used to simplify the stress calculations.

TABLE OF MINIMUM MARGINS OF SAFETY
(Design Pressure of 720 psi)

Margin of
Component Stress Allowable Mode Safety
Cover Plate 16,600 36,000 Bending 1.15
Bolt 18,000(1b) 20,800(1b) Tension 0.165
Chamber 8,136 36,000 Tension 3.20
Nozzle Housing 30,170 36,000 Bending 0.20
Asbestos Phenolic 282 5,400 Shear Large

Calculated Stress
Allowable

MS = -1

Per your request, no thermal stress analysis of the graphite insert was per-
formed, A simplified heat transfer analysis performed by the Aerophysics
Department showed the asbestos phenolic/graphite interface to reach about
800°F, with the steel shell remaining at ambient for the 20 second duration.

A nominal bolt torque will be adequate to prevent leakage of
the large diameter chamber joints, maximum separation conservatively estimated
at less than 0.012 inches at the O-Ring seal.

J. M. Kovacs

Approved by: Engineering Specialist
SRO Stress Group
Propulsion Division

R. D. Entz, Manager
SRO Stress Group
Propulsion Division
Stress Analysis of LMISD Test Motor
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X-Ray

Tenmplate

Cast

CORDAX 300

Portage Layoutb
Machine

NASA CR-72581

Accuracy good. Requires preciée placement of
film and great care in interpretation. Film
provides picture of material cross-section.

Accuracy fair to good. Requires feeler gage
and micrometer in conjuction with template.
Method is simple.

Accuracy good. Requires care in placement of
casting dams. Good deal of handling. Method
involwved.

Accuracy excellent. Method relative simple.
No interpretation or reading required of operator.
Data is printed-out by machine.

Accuracy good. Method simple, but requires
repeatable set-up and reading by operator.

Contour Measurement Method Comparison
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Thickness Loss Rate-vs-Initial Mach Number, Motor S/N I-1
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Thickness Loss Rate~vs-Initial Mach Number, Motor S/N I-2
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Thickness Loss Rate-vs-Initial Mach Number, Motor S/N I-3A
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Department 3800 Department 0720
Propel. Development, Line 5 Material Technology Project
Material =~ Rating Zﬁs Material Rating Material Rating ZC;
IBT-100 970 IBC~101 847 USR 3800 47
IBT-106 955 IBT-100 846 IBS-107 61
IBS-109 908 IBT-106 840 IBS~109 70
IBC~111 885 IBC-111 830 Orco 9250 72
IBS-107 885 IBS-107 732 IBT-100 75
IBC-101 870 4011 704 IBT-106 75
IBS-108 847 IBS-109 703 IBC-111 81
TI-H704B 783 IBS-108 702 IBC-101 83
Orco 9250 700 Avcoat 1T 692 Avcoat II 90
USR 3800 615 40SD~80 686 TI-H704B 108
40SD-80 585 V-61 664 V=44 108
USR 3804 585 Orco 9250 660 40SD-80 110
Avcoat II 570 USR 3800 649 USR 3804 112
V=44 570 TI~H704B 641 IBS-108 120
V-61 520 USR 3804 593 V-61 130
4011 480 Vb4 576 4011 Eliminated

ZCS Rating based on 10 points for best material in each category considered
multiplied by the weighting factor.

Zﬁ} Rating based on relative standing of each material in each category
considered.

Summary of Material Ratings

Figure 42



Pressure-~Cured Class

Gen-Gard V-44 (Control)

USR 3800 ZCES

Trowelable Class

IBT-100

IBT-106

TI-H704B fo;

Castable Class

IBC-101
IBC-111
40SD-80

Sprayable Class

IBS-107
IBS~109
Avcoat IT

Back-Up Materials

Zii; Orco 9250
4{25 Avcoat 8021

NASA CR-72581

Supplier
General Tire & Rubber Co.

Uniroyal, Inc.

Aerojet-General Corp.
Aerojet-General Corp.

Thiokol Chemical Corp.

L

Aerojet-General Corp.
Aerojet-General Corp.

American Poly-Therm Co.

Aerojet-General Corp.
Aerojet-General Corp.

Avco Corp.

Ohio Rubber Co.

Avco Corp.

é{}S Orco 9250 was the back-up material for USR-3800

Zi>§ Avcoat 8021 was the back-up material for TI-H704B

Recommended Materials for Further
Evaluation in Tasks II and IIL

Figure 43
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NASA CR-72581, Appendix I

I. COMPOSITE TENSILE STRENGTH AND MODULUS

The mechanical properties of each of the 20 materials to be screened
were evaluated using standard JANAF dumbbell specimens tested on an Instron
machine according to AGC Method 3431. The specimens were prepared by die-
cutting from a nominal 0.5-in.~thick piece of insulation material. 1In the
case of the castable-sprayable-trowelable materials, the specimens were pre-
pared by casting into Instron bar molds or into 0.5-in.-thick slabs from
which the bars were cut. Triplicate specimens were tested at a strain rate
of 2.0 in./min.

II. DENSTITY

The density of insulation materials at 100, 200, and 300°F were
measured by the liquid displacement method. A Dow Corning 710 silicone liquid
that remains stable at 500°F was used as the displacement fluid. The test
apparatus was constructed to permit the heated sample to be weighed in air;
then the sample was transferred and immersed in heated Dow Corning 710 fluid
where it was weighed again. The volume and weight of the test sample were
obtained at the desired test temperature; material density was calculated
from this data.

ITI. POT LIFE AND VISCOSITY

The pot life and viscosity of the highly viscous trowelable materials
were determined from time-viscosity curves using the extrusion tube rheometer
designed by Aerojet. Samples were loaded into a temperature-controlled
reservoir and pressurized to produce vertical flow through a thermostated
discharge tube. The available discharge tubes were 20 in. long and their
inside diameters varied from 0.131 to 0.683 in, Measurements made by using
this equipment and a standard calibrating fluid showed that neither complex
operating techniques nor special corrections were required to obtain accuracy
and reproducibility.

The plot life and viscosity of the less viscous castable and sprayable
materials were determined from time-viscosity curves using a rotational
viscometer. This viscometer was used to measure the thixotropic breakdown
of a sample, and was able to determine the viscosity of the material over a
very wide rangeof shear stresses.

The viscosity of each sample was determined at intervals of 10 min. to

-3 hours (depending on reactivity) until the end of the pot life was indicated
by material gelling.

Page 1
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Iv. BOND LINE TENSILE STRENGTH

The bond line tensile and shear strength of the 4130 steel, Fuller
162-Y-22 primer, insulation specimen, SD850-2 liner (if required) and
ANB-3254 propellant composite were determined using the double-plate sand~
wich specimen described in Aerojet Method 3421. The specimens were prepared
by bonding the insulation to be tested to steel plates approximately 2.375 in.
square. The insulation was lined with SD-850-2 liner (if necessary) and
propellant was cast between two plates held parallel in a mold. The cross—
section of the composite was approximately 1.75 in.~-sq. Then the specimens
were stressed to failure in either a tensile or a shear mode (duplicate
specimens in each mode) and the failure stress was recorded. The type and
location of the failure also was noted. Insulation used in these tests were
"as received".

V. WATER ABSORPTION

The moisture absorption and regain characteristics of the insulation
materials were determined by drying samples for (24 of each material) of the
insulation (approximately 0.080 in. thick) in a 180°F circulating air oven.
After constant weight was reached, eight of the samples were removed from the
oven and used to prepare specimens for evaluation of bond line tensile and
shear strength as described previously in test method IV.

Eight of the samples then were exposed to a controlled relative humidity
of 507% at 77°F until constant weight again was achieved. These samples were
used to evaluate bond line tensile and shear strength as in IV. The weight
gain, weight loss, and bond strength measurements provided an overall assess-
ment of the moisture retention characteristics and effect on bonding of the
individual insulation materials. The remaining eight samples were exposed to
a controlled 90% relative humidity as described above. These specimens were
redried and weighed as described above to determine the amount of the moisture
evolved at the higher humidity level.

VI. THERMAL DIFFUSIVITY AND THERMAL CONDUCTIVITY

The flash method was used to determine the thermal diffusivity of
insulation material specimens. In this method, a very short pulse of radiant
energy was directed at the front of a specimen and the resultant history of
the rear surface was recorded. This method, which measured diffusivity from
ambient temperature in air up to 1400°F used a resistance furnace to heat
the specimen and a thermocouple as the rear—surface temperature detector.
Thermal conductivity was calculated from the measured density, specific heat,
and diffusivity wvalues.

Page 2
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VII. THERMOGRAVIMETRIC ANALYSIS (TGA)

A thermogravimetric (TGA) balance was used to study the weight loss
and temperature as a function of time of insulation samples. The apparatus
consisted of an automatic recording balance and a heavy duty furnace. A
liner heating rate of 20°C/min. was used up to a maximum temperature of 800°C.
Testing was conducted in an argon atmosphere.

VIII. HEAT CAPACITY (SPECIFIC HEAT)

A calorimeter was used to determine the heat capacity of insulation
materials. The material samples were heated to the desired temperature with
an electric, multiple~tube furnace and dropped into distilled water in the
calorimeter. The temperature of the system at equilibrium was observed and
used to calculate the material enthalpy. Initially, the calorimeter was
calibrated using a known weight of copper or zinc. The mean specific heat
was obtained from the slope of the enthalpy (AH) temperature curve. Instan-
taneous specific heats were approximated closely by plotting the slopes of
AH vs temperature at small intervals along the curve.

IX. HEAT OF COMBUSTION

The material heat of combustion was determined by the standard bomb
calorimeter technique. A known weight of sample was reacted with oxygen in
a "bomb" type of calorimeter and the heat balance at equilibrium was used to
calculate the heat of combustion for the material.

Page 3
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APPEND IX 111

INDIVIDUAL INSULATION MATERIAL
SPECIMEN PRE- AND POSTTEST PROFILES
FOR MOTORS S/N I-1, 1-2, AND I-3A
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FIGURE LIST

0° - V-44 Specimen Profile

45° — IBS-108 Specimen Profile
90° - V-61 Specimen Profile
135° - IBS-107 Specimen Profile
180° - IBT-100 Specimen Profile
225° - IBC-101 Specimen Profile
270° ~ IBT-106 Specimen Profile
315° - IBS-109 Specimen Profile
0° - V=44 Specimen Profile

45° - 40SD~-80 Specimen Profile

90° ~ V-61 Specimen Profile

135° - Avcoat II Specimen Profile
180° - RTV-511 Specimen Profile
225° - PR1933-2 Specimen Profile
270° - TBS-758 Specimen Profile
315° - IBC-111 Specimen Profile
0° - V-44 Specimen Profile

45° - V-61/TI-H704B Specimen Profile
90° - USR-3800 Specimen Profile

135° ~ ORC0-9250 Specimen Profile
180° ~ IBT-100 Specimen Profile

225° ~ Gen Gard 4011 Specimen Profile
270° ~ Avcoat 8021 Specimen Profile
315° -~ USR-3804 Specimen Profile
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